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( i) 
Summary 
The ecology of the eastern quoll Dasyurus 
viverrinus was studied in southern Tasmania from July 1978 
to June 1981. Most of the research on population 
processes and social organization was conducted on a 
population in the Huon peninsula. 
Qualls had one breeding season each year. 
Although females were seasonally polyoestrous (May-August), 
the high synchrony of births indicated tl1a t females 
usually conceived on their first oestrus. Only one litter 
was reared each year due to the long period of growth 
(approximately two months in the pouch and two months in 
the den, June-October). Because females normally produced 
5-6 young, large numbers of juveniles entered the 
population ~n early summer. Although many juveniles 
dispersed, the majority of the breeding adults during the 
following year were animals in their first breeding 
season. Few females bred beyond three years of age and 
reproductive success was reduced by this age. The life 
span of quolls in the wild was 3-4 years. Survival of 
adult males was reduced during or following the mating 
season and survival of females was reduced during the 
post-weaning period, when population density was greatest. 
Qualls were opportunistic predators of insects 
and small prey but consumed carrion and vegetable matter 
when it was available. Seasonal fluctuations in insect 
(ii) 
abundance and availability were reflected in the diet. 
Lepidopteran larvae were a major food item and were 
abundant during the period of late lactation, weaning and 
early juvenile independence. 
The average home range size for males was 44 ha 
and for females was 35 ha. Although home ranges over-
lapped extensively, residents tended to avoid the areas 
used intensively by their neighbours. 'Ne ighbourhoods ' 
formed throughout the study area based on the extent of 
home range overlap between residents. Large inter-
individual distances between neighbouring residents 
suggests that they avoid one another in their area of home 
range overlap. 
Qualls constructed underground dens of varying 
complexity, usually within woodland gullies. Although 
females occupied dens exclusively while rearing their 
young during July-October, generally males and females 
occupied many dens, which were used by other quells on 
other nights. Den sharing occurred occasionally, usually 
by pairs or groups of females. Although females which 
belonged to 'neighbourhoods', on the basis of home range 
overlap, tended to occupy the same dens, ma les within 
'neighbourhoods' did not. 
Qualls in captivity exhibited little social 
behaviour. Males formed a dominance hierarchy which was 
maintained by avoidance and submissive behaviour of sub-
(iii) 
ordinates following agonistic encounters with dominants . 
Aggressive behaviour and activity levels in mal es 
increased during the mating season. Fema les exhibited 
little aggressive behaviour until their young became too 
large to be carried in the pouch ; aggression was then 
primarily directed toward other breeding fema les. 
Androgen concentrations in males increased to a 
peak during the mating season. There was a concur r ent 
increase in corticosteroid concentration i n peripheral 
blood plasma but this did not exceed the maximum 
corticosteroid binding capacity. The greatest increase in 
corticosteroid concentrat i on in both sexe s occurr ed during 
summer when population density was greatest. 
In gen e r a l, the quoll was a solitary, nocturnal 
predator of insect s and small prey. Its diet appears to 
have been a major influence on the evolution of both its 
life history strategy and its social system . 
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Chapter One 
INTRODUCTION 
1.1 The eastern quoll 
The eastern quoll Dasyurus viverri nus (Shaw 1800) 
was a common marsupial in eastern Australia when settlers 
arrived in the 1800 1 s . Although it is one of the few 
large marsupial carnivores, and is now possibly confined 
to Tasmania , no previous ecological study has been 
conducted on the species. The aim of this thesis was to 
investigate the life history strategy and social system of 
the quoll and to determine how they may be interrelated. 
1.2 Background information on the eastern quol l 
(a) Description of the eastern quoll 
The eastern quoll is a member of the family 
Dasyuridae which occurs on ly in Australasia and contains 
over 50 spec i es (Lee ct al. 1982). The family encompasses 
species of widely ranging body size , from the Tasmanian 
devil Sarcophilus harrisi~ weighing approximately nine kg 
(males) (Gui l er 1 970) to the tiny planigales such as 
Planigale tenuirostris which weighs about 6 - 10 g (Andrew 
ann Sett le 1982). The eastern quoll is one of five 
species in the genus Dasyurus; the tiger quoll D. 
~<::.~0tus is the l argest of these with males weighing up 
to seven kg (Settle 1978). 
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The eastern quoll is sexually dimorphic. For 
males, average weight is about 1250 g (range: 900-2000 g); 
average head-body length is 37 cm (range: 32-45 cm); tail 
length is 29 cm; ear length is 6 cm and hind foot length 
is 8 cm (data collected in present study). For females, 
average body weight is about 850 g (range: 700-1100 g); 
average head-body length is 34 cm (range: 28-40 cm); 
average tail length is 24 cm; average ear length is 5 cm 
and average hind foot length is 7 cm. Unlike all other 
species of Dasyurus, the eastern quoll has only four 
instead of five toes on each hind foot, though all species 
including Q...:. viverrinus have five toes on each front 
foot. Unlike the tiger quoll, ~ macu~atus which has 
serrated pads, the eastern quoll has granulated pads. 
I 4·-4 
3-3 
The dental formula of the quell is 
c 1-1 
1-1 
PM 2-2 
2-2 
M 4-4 
4-4 
The molars 
of the quoll, as with all dasyurids, have retained the 
tribosphenic morphology characteristic of marsupial and 
placental mammals of the early Cretaceous; similar tooth 
morphology occurs in eutherian shrews (Soricidae) which, 
like most dasyurids, have a primarily insectivorous diet 
{Clemens 1977). 
The eastern quoll contains two colour phases, 
black and fawn, both with white spots; the pattern of 
spots varies from individual to individual. Both colour 
phases can occur within the same litter. On the basis of 
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the number of fawn and black individuals trapped or 
observed in different locali ties in Tasmania and Victoria , 
fawn was found t_o be the dominant colour (Table 1.1). The 
preponderance of fawn animals reported in some areas ( eg . 
Fleay 1940; Gould 1974 ) may be due to the fact that at 
night when quolls become active, light- coloured animals 
would presumably have been more conspicuous. Like all 
other species of Dasyurus except Q_:_ maculatus, the eastern 
quoll has spots on the back but not the tail. 
(b) Distribution of the eastern quoll and other 
species of ~~~yurus 
In addition to the eastern quoll, there are four 
spe cies of Qasyurus which occur in Australasia: 
a) new Guinea quell (Q_:_ albo.e_~nctatu~_): occurs 
throughout New Guinea (Collins 1973, p . 124) . 
b) Northern quoll (~ hallucatu~): occurs across 
northern Australia (Ride 1970) , forming three 
separate subspecies in the Northern Territory , 
Western Australia and Queensland (Begg 1981). 
c) Hestern quoll (Q_:_ geoffroii): was once wide-
spread in Australia but disappeared after 
European settlement from Queensland, New South 
Wales, Victoria, South Australia and th e Northern 
Territory. It now occurs as two separate sub-
species in Western Australia and Papua New Guinea 
(Archer 1979 ). 
tj-
Table 1 .1 Number of fawn and black coloured eastern quolls in 
populations in Tasmania and Victoria. 
Site Collector 
---·-----·------
Cradoc (southern J. Gods ell 
Tasmania) 
Cygnet (southern J . Gods ell 
Tasmania) 
Lower Cradoc Hill J. Gods ell 
( southern Tasmania) 
Prosser ' s Forest J. Gods ell 
near Launceston 
(northern Tasmania) 
Gladstone (north- Green {1967) 
eastern Tasmania) 
Gladstone (pouch Green (1967) 
young of 26 litters) 
Middlesex Plains and 
Cradle Mountain 
(north-western 
highlands of 
Tasmania) 
Tasmania 
(locality unknown) 
Weindorfer 
and Francis 
(1920) 
Gould 
( 1963) 
Fur Colour 
Fawn Black 
-----
196 73 
18 3 
9 2 
18 0 
37 12 
66 20 
(continued on next page) 
Number of 
Fawn to Black 
--- --
2.7 
6 . 0 
4.5 
18. 0 
3 . 1 
3 . 3 
"light brown" : 
plentiful 
black : rare 
predominance of 
" greys" 
lf) 
Table 1.1 (Contd) 
Si te 
Sunbury District 
(Victoria ) 
Dreeite near Lake 
Corangamite 
(Western Victoria) 
Lilydale d istrict 
(Victoria) C.1879 
Collector 
Batey 
(1907) 
Fleay 
(1940) 
J. Hallifax, 
1934 
(Fisheries 
and Wi ldlife 
Division, 
Victoria) 
Fur Colour 
Fawn Black 
Number of 
Fawn to Black 
"p roportion of black 
to grey was about 
15% II 
20.0-30.0 
8 -1 0 "greys" per 
black 
Note: fawn pelage was sometimes referred to as "grey", " ligh t ·brown " 
o r "o live brown" in published accou nts. 
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d) Tiger quoll (~ maculatus): occurs in coastal 
district s of eastern Australia as one subspecies 
in Queensland and another in New South Wales, 
Victoria, south-eastern South Australia and 
Tasmania. 
Th e eastern quo ll Q_:_ viverrinus once occurred 
throughout eastern Australia from northern New South Wales 
to South Australia and Tasmania (Fig. 1.1); it now occurs 
only in Tasmania (references for quoll locations are 
provided in Appendix 1). Eastern quolls were reported to 
have occurred primarily in coastal regions of the mainland 
(Troughton 1941; Marlow 1962), though they were found on 
both sides of the Great Dividing Range (Marlow 1958). 
Within these regions , they inhabited sclerophyl l forest 
(Marlow 1 958 ), treeless rocky country and cultivated land 
(Jones 1923) . Thus , while quolls were once abundant in 
New South Wales {Lydekker 1896) and Victoria (Ba tey 1907), 
there have been no authen~cated records of quolls on the 
mainland of Australia since a male was collected in the 
suburb of Vauclause, Sydney in 1963 (Appendix 1). I n 
South Australia , the species became extinct about 1900 and 
in Victoria, the last verified record was in 1958. There 
have, however, been sightings of quells in Victoria up to 
1979 which lends hope to their continued survival on the 
mainland. Although quells are presently abundant in 
Tasmania, their numbers were thought to have declined in 
the early 1900 __ s due to h a bi tat destruction; Green ( 196 7, 
p.l) commented that populations had recovered to "virtua l 
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EASTERN AUSTRALIA 
QUEENSLAND 
SOUTH AUSTRAL I A 
0 
NEW SOUTH WALES 
VICTORIA 
500 KM 
0 DASYURUS VIVERRINUS 
Fig. 1.1 Distribution records for the eastern quoll 
on tllainland Australia, 1890- 1963. See Figure 2 . 5 
for the distribution of eastern quells in Tasmania . 
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pest proportions in some pastoral areas" . The decl i ne of 
quoll populations in Australia about the turn of the 
twentieth century has commonly been attributed to an 
unknown disease (Jones 1923; Guiler 1964). Destruction of 
forest habitat with land clearance, and the introduction 
of possible predators or competitors such as the red fox 
Vulpes vuloes and feral cat felis catus , are likely to 
have contributed to the decimation of populations . The 
reasons for the recovery of quells in Tasmania , but not on 
the mainland are not known, though the absence of the red 
fox in Tasmania suggests that this introduced carnivore 
may have played a decisive role in the fate of quells on 
the mainland. Because of the drastic redu ction in the 
range of the quoll since the 1800_s and the possibility 
that a disease was responsible for this event, Archer 
(1979) has listed this species as "vulnerable to 
extinction" despite its present abundance in Tasmania. 
(c) Current knowledge of the biology of the quol l 
Reproduction in the eastern quoll is the aspect 
of its biology which has received the greatest attention 
(Hill 1900; O'Donoghue 1911, 191 2; Hill and Hill 1955). 
Although previously thought to be monoestrous dur i ng the 
mating season (Hill 1900) , Fletcher (1977) revealed that 
females were polyoestrous with an oestrous cycle of 31-35 
days during the May- July period . On the basis of changes 
in the ovaries and uterine epithelium in pregnant and 
non-pregnant quolls, Hill and O 'Donoghue• ( 1913) estimated 
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that the length of oestrus was 34 days and gestation was 
8 -14 days. Although this estimate is comparable to that 
of some of the smaller dasyurids, such as 13 days in the 
fat-tailed dunnart ~~~~thopsis crassicaudata (Godfrey and 
Crowcroft 1971) and 12.5 days in the common dunnart s. 
murina (Fox and Whitford. 1982), it is short when compared 
with gestation lengths of about 21 days in the tiger quo l l 
Dasy~ maculatus (Fleay 1940), 31 days in the Tasmanian 
devil Sarco~"!2_il us harrisii (Asde ll 1964 in Hughes 1982), 
and 23-26 days in the yellow- footed antechinus A~techinus 
flavipes (Woolley 1966) . However , Fletcher (1977) 
estimated that gestation in the eastern quoll was 
.considerably longer than the estimate of Hill and 
O'Donoghue (1913) and ranged from 19-23 days. This is 
similar to an estimate of about three weeks f o r gestation 
reported by Weber (1975). 
Seasonal changes occur in the organs of the male 
reproductive tract (Fletcher 1977). Maximum testis and 
epipidyrnis weights occur in June at the time of copulation 
and regress to a minimum by September; the prostate and 
Cowper's glands reach maximum weight in May and regress to 
a minimum by September. 
Growth of young quol ls in captivity has been 
described by Fleay (1932, 1935) , Nelson and Smith (1971) 
and Weber (1974 , 1975). In general, young are born in 
June and remain in the pouch until mid - August when they 
are deposited in the den; weaning occurs toward the end of 
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October and young are mature by the following breeding 
season . 
Most of the published accounts of the behaviour 
of the eastern quoll are based on the observations of 
captive animals, primarily during their period of growth , 
and are l argely anecdotal in nature (Fleay 1932, 1935; 
Nelson and Smith 1971). The quo ll has been descr ibed as a 
solitary species (Marlow 1962) though no field study has 
previously attempted to determine social relationships 
between wild quolls. 
Food consumption and 22sodium turnover rates 
were found to be positively correlated in captive quolls 
(Green and Eberhard 1979). Measurements of the rates of 
sodium and water flux in free-ranging quoll s was thought 
t~erefore to provide a good method for estimating rates of 
prey consumption, thereby providing information on 
seasonal changes in the food and energy requirements of 
quolls (Green and Eberhard, in press). Maximum rates 
occurred in both sexes during winter and in females during 
late lactation; mi nimum rates occurred in summer . 
Analysis of the scats of these quolls revea l ed th~t insect 
larvae were the major prey species , occurring in the 
greatest volume i n the diet during summer (Blackhall 1980). 
Vertebrate remains occurred in quoll scats throughout the 
year but only in low frequencies ; even when most common in 
the diet during winter, vertebrates occurred in less than 
20% of the scats (Blackhall 1980). In general , quolls are 
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known to consume a wide variet y of food i tems including 
insects , mammals, b irds and b ird eggs , f i sh , amphibians , 
r epti l es , grasses and fruits (Jones 1923 ; Fleay 1932, 
1935; Troughton 1941 ; Gr een 1967; Ride 1979 ; Blackhall 
1980 ) . 
1.3 Life history considerations 
The ecology of the eastern quoll was i nvest i gated 
by exami ning the life history strategy and the social 
system of the s pecies . The life history of an organism 
r epresents a "se ries of selective compromises to a suite 
of environmenta l variables" (Wilbur et al . 1974, p . 805), 
in which the "strategy " consists of its adaptive 
components , such as litter size, fecundity and age of 
first reproduction . Environmental facto rs, whi ch result 
in age- specific mortal ity will have a major influence on 
the pattern of reproductive effort ; for example, l ow and 
unpredictable j uveni l e survival would result in the 
select i on of l ong adult life, delayed maturity and 
iteroparity (many breeding seasons ), while low and 
unpred ictable adult surviva l wou ld r esu l t in the selection 
of short adult life , ear ly matur i ty and sernelparity (one 
breeding season) (Fleming 1979) . The di s t ribution , 
qual i ty , predictability and abundance of food resources 
may influence selection for the timing, duration and 
number of breedi ng seasons each year , which, in turn , may 
influence reproductive effort and survival. Environmental 
variables which in f luence the e vol ution of the life 
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history strategy will, in conjunction with components of 
the strategy (i.e . species parameters) result in the 
select i on of a particu la r social system (Crook et al. 
1976). The structure and dynamics of a social system can 
be described by an analysis of the mating, rearing of 
young , resource-exploitation and predator-avoidance 
components of that system (Crook et al . 1976). The close 
relationship between the social organization of species 
and the predictability and abundance of their food supply 
in time and spac e has been described for many eutherian 
groups , for example , primates (Crook 1970: Clutton-Brock 
and Harvey 1977), antelopes (Jarman 1974), bats (Bradbury 
and Vehrencamp 1976a,b, 1977a , b) , and carnivores (Kruuk 
1975 ). In the absence of many detailed studies of 
dasyurid social organization this relationship among 
marsupia l carnivores remains to be explored. 
The wide variety of social systems evident in 
eutherian carnivor es rangeSfrom the complex social 
organizations of some felids, canids, hyaenids and 
viverrids (for examples, Mech 1970: Kruuk 1972; Schaller 
1972; Rood 1975) to the solitary existence of some felids , 
mustelids and ursids ( for examples, Eaton 1969; Lockie 
1966; Eisenberg and Lockhart 1972; Craighead 1979). In 
comparison, marsupia l carnivores are generally considered 
to have a solitary form of social organization (Wilson 
1975; Croft 1982), a social system attributed to primitive 
carnivores (Kleiman and Eisenberg 1973). Because of the 
traditional view of marsupials (Metatheria) as an 
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evolutionary deve l opment between the Prot,.{teria 
(Monotremes) and the Eutheria (placental mammals) (Huxley 
1880) , they have been interpret .__Jed as p r imi ti ve in 
compa rison with placentals (Parker 1977). Fossil evidence 
indicates that marsupials and eutherians evolved from the 
Prototheria as separate lineages during the early 
Cretaceous rather than as two successive derivations from 
early mammals (Clemens 1977; Parker 1977). As the two 
d iverging mammal groups h ad a long period of separation 
(Slaughter 1968), specializations within the groups 
represent their adaptations to different ecologica l 
conditions (Parker 1977). It is therefore important when 
comparing l ife history s trategies and social systems of 
marsupials and eutherians to consider the size, 
mo r phology, ecology and behavioural capacity of the 
species under consideration (Eisenberg and Golani 1977). 
1.4 Aim of the study 
Prior to this study, there had been no long-t erm 
investigation on the ecology of the eas tern quoll i n the 
wild . The aim of thi s study was to i nvest igate the life 
his tory strategy and social system of the quell and to 
determine how they might be interre l ated in the following 
aspects: 
a) What is the pattern of reproduct i on in the quell 
and what is the relationship between demography a nd the 
allocation of reproduct ive effort in the populatLon? 
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b) What is the diet of the quoll and how might it 
have influenced the pattern of reproduction? 
c) What is the social organization in the species , 
and how might the diet and pattern of reproduct ion in the 
quoll have influenced its evolution? 
d) To what extent is behaviour regulated by changing 
hormone l evels and how might they influence survival rates 
of quolls? 
To answer these questions a single population of 
quolls at Cradoc in southern Tasmania was studied f r om 
July 1978 to June 1981 . Information was obtained on 
demography , diet and res ource utilization (Chapte r 2) , use 
of space (Chapter 3), denning behaviour (Chapter 4), 
communication and social behaviour (Chapter 5) and hormone 
l evels at different times of the year (Chapter 6). 
~hapter 7 discusses the interrelationships of these 
chapters , and attempts to define the life history strategy 
and social system of quolls and to compa re the quoll 
ecologically with both other marsupial and eutherian 
carnivores. 
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Chapter Two 
POPULATION PROCESSES AND DIET OF EASTERN QUOLLS 
2.1 Introduction 
In the absence of any previous ecological 
research on the eastern quoll , one of the primary aims of 
the study was to describe its life history strategy. Using 
a method of capture , mark and release, an i nvestigation 
was made of the structure and dynamics of a population , 
the allocation of reproductive effort in different sex-age 
classes, survival rates, and diet. As environmental 
factors may greatly influence population processes , 
several other populations were sampled i n lesser detail 
and compared with the study population to determine 
whether features such as the timing of reproduction , 
litter size, sex r atios and diet of animals in the study 
area were typical of quolls elsewhere in Tasmania. 
2.2 Methods 
2.2.1 Study area 
The study area was located on the Huon peninsula 
about 40 km south of Hobart (Fig . 2 . 1) near the town of 
Cradoc. It was situated on Cradoc Hill at an altitude of 
300 m above sea level on the property "Skyfarrn" of Mr N. 
Griggs. The habitat was characterized by a mosaic of 
SO KM 
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®TAS MA NIA 
10 
0 
13 0 
Fig . 2.1 Localities in Tasmania where attempts 
were made to live-trap eastern quolls . Cradoc 
study area= 1, Cygnet study area= 3, see Table 
2.2 (a) for the names and geographical co-ordinates 
of all other locations. 
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pasture and dry sclerophyll forest which was dominated by 
stringy bark Eucalyptus obliqua and peppermint gum ~ 
viminalis (Fig . 2.2). The shrub layer was composed 
primarily of prickly mimosa Acacia ver~icillata, native 
gorse Daviesia ulicifolia, manuka Leptospermum ~~arium 
and varnish wattle Acacia verniciflua. Bracken Pteridium 
esculentum and blackberry Rubus fruticosus occurred both 
in the pasture and woods. 
The woods were distributed towards the periphery 
of the study area and as copses within the pastures (Fig. 
2.3). From the upper s l opes of Cradoc Hill radiated a 
series of gullies. At their upper reaches, they were 
generally basin-like, dry and grassy. Where they 
traversed the woods further downh~ll they were narrow, 
contained flowing water and were , for the most part , 
overgrown with blackberries . 'Regions' which were defined 
as particular areas of woodland and gullies , were given 
names for ease of identification. As all woodland had 
been and was still being subjected to controlled burning, 
the names of the regions such as 'Burnt Woods ' had no 
specific connotation. The terms forest , woods and 
woodland are used synonymously. 
The pastures were under constant cultivation 
during the study; a ll pastures were ploughed at some 
period , were harvested for hay , and were stocked with 
sheep and cattle . 
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Fig. 2.2 (a) Pasture-woodland habitat of the Cradoc 
study area. The houses were both used as haysheds. 
Fig. 2 . 2 (b) Dry sclerophyll woodland consisted 
primarily of Eucalyptus £bliqua and E:· viminalis with 
an understorey of Acacia verticillata and Leptospermum 
sco12arium. 
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In addition to two haysheds, there were two 
derelict houses on the study area (the ' Old House' and 
'Loft') which were also used for storing hay. 
2. 2. 2 Trapping 
The study was conducted from July 1978 to Jun e 
1981. Because of the large size of the study area, a 
trapping grid was not feasible. Instead traps were set in 
five regions of woodland (Fig. 2.3). Twenty-five wire 
cage traps , 56 cm x 21 cm x 21 cm (Mascot Wire Works, 
Sydney) were p r ovided by the National Parks and Wildlife 
Service of Tasmania and the Department of Zoology, 
University of Tasmania, Hobart. Traps were baited with 
beef liver, covered in hessian bags and supplied with hay 
for warmth. Traps were placed along tracks and creeks , and 
near logs and rockpiles. Trap sites and the number of 
traps in each region were chosen after a trial period on 
the basis of high trap success. 
dawn. 
Traps were inspected at 
From July 1978 to October 1978, traps were set 
for three consecutive nights each month. As most animals 
caught on the third night were an imal s which had been 
caught on either or both of the previous nights and as 
animals lost weight in traps, trap sessions were reduced 
to two consecutive nights. Traps were moved on the third 
night to localities peripheral to the study area in an 
attempt to monitor the range of movement of resident or 
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FA~ FIELD OULU 
t 500 M N 
Fig. 2.3 Location of the five trap areas in the 
Cradoc study area . 
• = traps • = derelict houses and haysheds 
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1978 1979 1980 
Fig. 2 . 4 Schedule of trap sessions for easte r n 
quolls in the Cradoc study area , 1978-1981 . 
1 981 
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dispersing animals. In November of each year (1978-1980), 
trap success commonly reached 100% as juveni les became 
trappable. To increase the opportunity of catching 
juveniles before they dispersed, an additional trap 
session of two consecutive trap nights was added each 
month from November until February each year. During 1980 
and 1981, additional trap sessions (two consecutive trap 
nights) were conducted to collect blood samples (Chapter 
6) and to change radio collars (Chapter 3). There were no 
trap sessions during September 1978 and 1980. Although 
population estimates are normally based on monthly samples 
taken at regular intervals, it was decided that 
demographic events would be compared between trap sessions 
of similar trap effort (ie. two nights of 25 traps per 
night with traps set in the same trap sites). The 
schedule of trap sessions in the study is illustrated in 
Figure 2.4. 
Before examin~tion , animals were encouraged to 
enter a hessian bag, and were examined without an 
anaesthetic. Quolls were ear-tattoed with individual 
numbers using ear-tattoo equipment similar to that used 
for cattle. Records were made of the trap site, sex, 
colour phase (fawn or black), weight (kg) , head length 
(mm), tibia length (mm) and scrotal width (mm), or pouch 
condition. For animals which were retrapped, records were 
made of the trap site , individual number, weight, and 
scrotal width or pouch condition. 
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The pouch of al l specie s in the genus Dasyurus 
corresponds to Woolley ' s (1974) type 1 pouch where the 
mammary area has no cover i ng fold of skin . The pouch area 
of D. viverrinus undergoes a series of physical changes 
dur ing oestrus , p r egnancy and lactation (O'Donoghue 
1911). The following stages seen in eastern q uolls a r e 
similar to those described by Begg (1981) for Da syurus 
hallucatus and Antechinus bi larni. 
(1 ) Nonparous : i mmature or virgin females in 
which the pouch is covered with fine white hairs. 
( 2 ) Parous but nonbreeding: f emal es which have 
had litters, evident b y the red-brown stain i ng of the 
pouch hairs; the pouch is not developed and the nipp l es 
a re small. 
( 3) Breeding condition: females in this group 
have deep , oily pouches . Vaginal smears r eveal cornified 
epithelial cells . 
(4) Carrying pouch young: 
six yo ung attached to the nipple. 
females have one t o 
(5) Lactat ing wi th unattached young : females 
have an enlarged mammary gland and extended nipples but 
the young are no l onger in the pouch . 
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Body measurements taken of pouch young wer e : 
crown-rump l ength (mm) for animals l ess than 25 mm, and 
head length ( mm ), tibia length ( mm) and scrotal width ( mm) 
for animal s greater than 25 mm. Young were not removed 
from the nipples and hence body weights were not r ecorded . 
Estimated dates o f birth were determined by 
calculating the age of the young in t he pouch o n the basis 
of their crown-rump lengths. A regression of crown-rump 
length (mm) against age (days), and head length ( mm) 
against age ( days) was c alcu l ated on the basis of the 
growth r ates of seven litters raised i n captivity . From 
these relationships it was possible to determine the ages 
of the litters of wild females. 
Marking of litters of pouch young was attempted 
in 1979 and 1980 . In 1979 , all pouch young of each litter 
were marked by diagnostic ear- notches. In 1980, the 
terminal end of a phalang e bearing the developing claw was 
removed from all individuals in each litter; the who le 
terminal phalange of a digit was not removed however, in 
the event that this affected the ability of marked animals 
to hunt or to manipulate their prey. Only one c l aw was 
removed from each quel l; this was di agnostic for all 
individuals in that litter. 
Estimates of population size were based on the 
number of animals known to be a live ( KTBA) in each trap 
session . This estimate assumes that marked animals were 
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present in the population during the interval between 
captures, independent of the number of trap sessions that 
may have occurred between captures. On the basis of the 
number of captures and the interval between captures for 
each individual , two classes of animals wer e defined : 
(a) Residents: animals caught over three or more 
months, independent of the number of trap sessions during 
this period . 
(b) Non- residents: (i) Transients : animal s 
caught during one , or rarely two , successive months but 
then not caught subsequently. As most animals were caught 
on both nights of a trap session, it is believed that 
trap-shyness was not a common phenomenon. (ii) Animals 
f rom neighbouring populations: animals caught during one 
or two consecu tive months and thereafter not trapped for 
at least four months. These animals were believed to be 
residents of adjoining areas which made occasional 
excursions into the study area. 
A cohort was defined as those animals born in a 
specified year. Estimates of the number of animals born 
in each cohort were made by two methods: 
(a) The number of young born: Young were counted 
in the pouch , or , if the female had alre ady deposited her 
young in the den, the number of extended nipples was used 
to indicate litter size . 
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(b) The number of juveniles presumed to be alive 
(PTBA): All juveniles trapped between October or November 
(ie. the months when juveniles first became trappable) and 
March of the following year were presumed to have been 
born to resident females and hence in the population since 
their birth. As young may have died while in the pouch or 
den, this method is an estimate of the number of young 
presumed to be alive (PTBA) in October-November only . As 
juveniles may have immigrated into the population between 
October and March, this method may also overestimate the 
actual number of juveniles present in the population in 
October. The method does, however , provide a means for 
determining the relative rates of survival of juvenile 
males and females between successive years. 
Trappability was calculated as the number of 
animals captured per session divided by the number of 
animals KTBA in the s ame session and expressed as a 
percentage. 
Minimum monthly survival was defined as the 
proportion of animals known to be alive in the population 
at time T which survived to time T+l. 
2. 2. 3 Other trap areas 
Trapping was conducted in a number of other 
l ocalities in Tasmania (Fig. 2.1). Trap sessions normally 
consisted of 25 traps set fo r 2-4 consecutive days. 
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Although most areas were sampled only once, others were 
trapped on several occasions . A population of quolls was 
trapped in a valley approximately five km east of the 
Cradoc study area each month from October 1978 to November 
1979; this area was called the Cygnet study area (it was 
situated approximately 10 Km from the town of Cygnet). 
All trapped animals were examined in the manner desc r ibed 
in Section 2.2.2 . As the area in which traps were set 
ranged from 1- 2 km2, estimates of the density of quells 
in different localities were not comparable . I nstead trap 
success was used as a crude measure of the relative number 
of animals found within different habitat types. 
Distribu tion maps were made for the eastern quoll 
and tiger quell in Tasmania. I nformation was gathered by 
four methods: (1) from trapping which I conducted in 16 
localities in Tasmania (Fig. 2.1, Table 2.2a), (2) from 
sightings made by s potlighting and from road- killed 
animals, (3) from published references and museum 
specimens (Appendix 1) and (4) from computerized records 
of animal distributions in Tasmania , " TASPAWS ", produced 
and kindly made available by the National Parks and 
Wildlife Service of Tasmania. To provide a method by 
which the distribution patterns of the two dasyurid 
species could be compared, each record was described as an 
ocurrence of the species within a grid cell of 10 minutes 
of l at itude and longitude (cf . Fig . 2 . 5). As the sides of 
each grid cell were 14. 7 km by 20 . 5 km , the area within 
each cell was approximately 300 km2 . By calculating the 
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number of grid cells in which both species occurred and 
the proportion this represented of their individual 
r anges , this method provided only a crude estimate of the 
possible effect that one species may have been having on 
the distribution of the other. 
2.2. 4 Diet and prey abundance 
2.2.4.1 Diet analysis 
The diet of eastern quol ls at Cradoc was 
investigated to de t ermine whether seasonal shortages in 
r esources were r esponsible for changes in survivorship 
both within and between years. To determine whether the 
diet of quolls at Cradoc was typica l of quolls elsewhere 
in southern Tasmania, a comparison was made of the 
contents of scats of quolls in the Cradoc populat ion and 
the Cygnet population . Scats were collected from animals 
in both areas for at l east 12 months, so a comparison of 
their diets was possible. Scats were also collected from 
other areas of Tasmania~ however, they represent samples 
only of those monthly periods when animals were trapped. 
Scats were collected from quol l s trapped at 
Cra<loc each month from August 1978 to March 1980 except 
September 1978. Samples were also col lected in June , 
July, August and Octobe r 1980 and January 1981. Scats 
were also collec t ed each month from quolls trapped in the 
Cygnet population from November 1 978 to Oc tobe r 1979. 
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Scats wer e stored dry in glass vials and labelled 
with the animal number , age and s ex of the indi v idual from 
which it was collected . These were frozen unti l subsequent 
analysis . In the laboratory, the samples were thawed in 
7 0% a lcohol and examined in a Petri dish under a 35 x 
microscope . 
For each scat the total number of prey types was 
r ecorded. The frequency of occu r rence of each prey type 
was then expressed as the percentage of the total number 
of scats i n each monthly sample. An estimate was also 
made of the volume of e ach prey within the scat ; thi s was 
based on the sur fac e area of the Petri dish represented by 
a particular prey type . Volumes were roughly est imated as 
1 - 5% , 5-25%, 25-50%, 50-75%, 75-100%. The volume of any 
prey type was calculated as the sum of the vo lumes of the 
prey type in all scats in each monthly sample . Estimates 
of the volumes of prey types provide only a crude measure 
of t he amount of the consumed prey due to differences in 
digestibil ity. As most food was well masticated , effort 
was not spent attempting to determine the number of 
invertebrates represented in a scat . During some months 
of the year , however , skins and heads of insect larvae 
allowed quantitative assessment of the numbers consumed. 
Insects were identified to the level of order 
where greater precision wa s not possible . ' Mature 
in sects ', defined as the nonlarval stages of beetles, 
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bugs , moths etc., were categorized separately from 
' larvae'. Bird feathers were identified by Mr R.H. Green, 
Queen Victoria Museum, Launceston , Tasmani a . Mammalian 
hair was examined in cross-section using the method of 
Brunner and Coman (1974). 
2.2.4.2 Estimates of variety and abundance of prey 
The variety and relative abundance of 
invertebrates in the Cradoc study area was examined by 
pitfall traps and quadrat analysis. Pitfall traps 
consisted of plastic cups containing picric acid solution 
which were placed in the ground beneath pieces of bark in 
the pasture and woodland. These were arranged in four 
lines of 10 cups per line at approximately 10 m intervals . 
Two lines were set in pasture and two lines in woodland. 
Pitfall sampling was conducted for weekly periods once a 
month from September 1978 to August 1979. Quadrat 
analysis consisted of 1 0 quadrats, each 1 m2, placed at 
25 m intervals along straight line transects. One 
transect was conducted in woodland and one in pasture each 
month from September 1978 to August 1979. Records were 
made of the number of individuals of each type of 
invertebrate located within each quadrat. The number of 
corbies Oncopera intricata (order : Lepidoptera) were 
recorded as the number of vertical tunnels constructed by 
the larvae. 
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Small mammal trapping was conducted on four 
consecutive days in October 1978, Decembe r 1978, April 
1979 and August 19 79. Each trap session consisted of four 
l ines of 100 traps set in four woodland regions: the Far 
Field Woods, Main Woods, Old House Woods and Burnt Woods . 
Small box traps (9 cm x 9 cm x 32 cm) , manufactured by 
Elliott Scientific, Victoria , were baited with a mixture 
of peanut butter , rolled oats and apple, a nd were provided 
with cotton wool for warmth . Larger mammals were observed 
by spotlighting though attempts were made to live- trap 
bandicoots . 
study area . 
Rabbit holes were counted throughout the 
Birds we re observed during the study and a record 
made of the more commonly obs.erved species. A comprehensive 
survey of birds which occur in this region of southern 
Tasmania is provided by Thomas (1979 ). 
2. 2. 5 Weathe r 
Records of max imum and minimum temperature and 
rainfall were made each day a t the meteorological station 
at Geeveston , which was approximately 10 km west of 
Cradoc . Monthly means were calculated for the period of 
this study and were compared with the monthl y means for 
the period from 1972 to 1978. 
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Winter is loosely defined as the months from 
April to September and summer as the months from October 
to March. 
2.2.6 Quolls in Captivity 
Information on reproduction in captive animals 
was compared with findings in wild females; dates of 
birth and growth rates of young were collected from seven 
adult fema les and their offspring housed in enclosures and 
holding pens at the University of Tasmania . 
To determine whether there were differences in 
the growth rates of animals which were born to litters of 
different sizes, the body weight , head length and tibia 
l e ngth were recorded for the young of seven litters in 
captivity. Each week young were measured and the mean 
weight, head length and tibia l ength were calculated for 
each sex separately . Exc ept where otherwise noted , data 
throughout the thesis are given as the mean + one standard 
error. 
2.3 Results 
2. 3 . 1 Habitats utilized by eastern quolls 
Although most of the emphasis of the present 
study was on the ecology of one population of eastern 
quolls in Tasmania , a brief investigation was made of the 
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relative abundance of quolls in different habitats in 
Tasmania, primarily to determine whether the Cradoc study 
area represented a typical habitat for the species. 
Eastern quolls were found to be distributed primarily in 
the eastern half of the State (Fig. 2.5). Using a map of 
the vegetation of Tasmania (Fig. 2.6), the principal type 
of vegetation was determined for each grid cell in which 
quolls were recorded (Table 2 . 1). Eastern quolls were 
found in rainforest, sclerophyll forest and cleared land 
in approximately the same frequency. However, trap 
success was found to be highest in habitats where 
sclerophyll forests and pastures were interspersed (Table 
2.2b) . Green (1967) also reported large numbers of quolls 
in these habitats . In eucalypt forest which was not mixed 
with cultivated l and (for example near I nterlaken and Lake 
St. Clair), no quolls were trapped during this study 
despite reports of occasional sightings in these regions. 
Low trap success suggests that the density of quolls in 
this habitat is lower than where forests border cleared 
land . 
At the other extreme, where forests have been 
completely or virtually eliminated (for example near 
Hadspen, northern Tasmania) quolls were not trapped (Table 
2.2b), nor even sighted by l ocal farmers . Green ( 1 96 7 ) 
suggested that land clearing was largely respo nsible for 
the decline in the numbers of eastern quolls in the 
midlands of Tasmania during the mid 1880's. Prior to this 
time, eastern quolls had been common through the area and 
~ .. 
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KI NG ISLAND 
50 KM 
DASYURUS VIVERRINUS 
Fig. 2.5 Distribution of eastern quolls i n 
Tasmania , 1866-1981. Lines indicate 10' of 
latitude and long~ude. Sides of each rectangle 
are 14.7 km by 20 . 5 km . Shaded area indicates 
FLINDERS ISLAND 
TASMANIA 
the regions in which eastern quolls have been 
recorded. Overlay indicates actual record locations. 
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Fig. 2.6 Vegetation zones in Tasmania 
(Thomas 1979 , after Jackson 1965), 
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a bounty on a southern midlands property in the 1830's 
resulted in the destruction "at one time " of about 600 
animals (Green 1967 , p .l) . 
Although no eastern quolls were trapped in 
coastal heath at West Point or Binalong Bay, several tiger 
quolls were captured (Table 2.2b) . Tiger quolls have also 
been reported in the coastal heath- pasture of Granville 
Harbour (Guiler 1970); an eastern quol l was , however , 
trapped in sedgeland between Gr anville Harbour and Zeehan 
during this study (Table 2.2b). Eastern quolls had also 
been fr equently sighted in the sedgeland near Lake Pedder 
prior to its being flooded (Andrews 1968), and in open 
heath, closed scrub, and low open forest of the Gordon 
River region (Hocking and Guiler 1983). 
In rainforest in northern Tasmania (near Upper 
Natone) , eastern quolls were not trapped (Table 2.2b) 
despite sightings by local foresters. Several tiger 
quolls were however trapped in this area (Table 2.2b ). In 
the disturbed rainforest of the Blue Tier (north-eastern 
Tasmania) an adult male eastern quoll was trapped. Around 
the turn of the 20th century, this reg ion was an important 
tin mining area where thousands of Chinese worked their 
plots . The presence of grass land, which now covers the 
relics of their shanty towns , may be responsible for the 
occurrence of eastern quolls in this region . 
- 36 -
Table 2.1 Vegetation types in which Dasyuru~ viverrinus 
and D. maculatus were trapped , sighted or found as 
roadkills. Grid cells r epresent units of 10 minutes of 
l at i tude and longitude; see Figs . 2.5 and 2 . 7. N =number 
of grid cells. 
Pe r cent Frequency of Grid Cells 
Vegetation Type £~syurus yiverrinus 
(N=l OO) 
Rainforest 23 
Sclerophyll Forest 35 
Moorland 1 
Sedge land 5 
Coastal Heath 7 
Cleared Land 29 
Da~urus ~aculatus 
(N=72) 
32 
40 
3 
6 
7 
12 
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Table 2.2 (a) Locat ions in Tasmania where attempts were made 
to trap eastern quolls. 
Trap Area Number on 
Fig. 2.1 
Cradoc Hill 1 
Lower Cradoc Hil l 2 
Near Cygnet 3 
Near Judbury 4 
Near Lonnavale 5 
Near Buckland 6 
Nea r Lake Leake 7 
Prosser's Forest near Launceston 8 
Near Gladstone (see Green 1967) 9 
Bushy Park 10 
Blue Tier near Goulds Country 11 
Binalong Bay near St. Helens 12 
Near Interlaken 13 
Near Hadspen 14 
Near Lake St. Clair 15 
Between Granville Harbour and 16 
Zeehan 
Near Upper Natone 17 
West Point near Marrawah 18 
Geographical 
Co-ordinate 
Latitude Longitude 
0 
43 
43 
43 
43 
42 
42 
41 
41 
40 
42 
41 
41 
42 
41 
42 
41 
41 
40 
06 
05 
07 
02 
56 
43 
58 
21 
50 
43 
11 
17 
06 
27 
09 
49 
14 
55 
0 
147 04 
147 04 
147 05 
146 54 
146 47 
147 34 
147 39 
147 14 
148 00 
146 52 
148 00 
148 19 
147 02 
147 00 
146 08 
145 15 
145 51 
144 38 
Table 2.2 (b) Trap sessions in Tasmania for eastern quolls. A = adults, J = juveniles, * quolls sighted 
or trapped in these areas previously. 
Trap Area Habitat Type Number Number Number Number Age Average Number Number 
(See Table of of of of Trap Success of of 
2.2a) Traps Sessions Nights Eastern per 25 Traps Tiger Tasmanian 
per per Quolls per Night Quolls Devils 
Session Session ( % ) 
Cradoc Dr.y sclerophyll 50 52 2 269 A+J 15.8 0 0 
Hill forest + A 10.8 
pasture 
Lower II 25 1 3 11 A+J 7.0 0 0 
Cradoc Hill 
Near II 50 12 2 21 A 3. 5 0 0 
Cygnet 
CD 
(") 
Near II 50 1 2 7 A 4.0 0 1 
Judbury 
Near II 50 2 2 17 A+J 5. 5 0 l 
Buckland 
Near Lake II 25 1 2 5 A 2. 5 0 0 
Leake 
Prosser's II 50 7 2 18 A+J 5. 7 6 4 
Forest nr. 
Launceston 
Bushy Park II 50 1 2 4 A 3. 5 0 0 
nr. Hobart 
(continued next page) 
Table 2.2 (b) (continued) 
Trap Area Habitat Type Number Number Number Number Age Ave rage Number Number 
(See Table of of of of Trap Success of of 
2.2a) Traps Sessions Ni ghts Eastern per 25 Traps Tiger Ta s manian 
per per Quells per Night Quell s Devils 
Session Session ( % ) 
Blue Tier Distur.bed 25 1 1 1 A 1. 0 0 0 
Nr . Goulds rainforest 
Country and pas tur e 
Bin along Coastal heat h 25 1 2 0 0 3 0 
Bay , nr. 
St Helens 
Nr. Inter- Dry sc lerophyll 25 1 2 O* 0 0 0 
laken forest 
(j\ 
(V) Near Pasture and 25 1 4 0 0 0 scats 
Hadspen dr.y s clerophyll 
forest 
Near Lake Wet sc lerophyl l 25 1 4 O* 0 O* 0 
St Clai r forest 
Between Sedge land 25 1 3 1 A 0. 3 0 l 
Granville 
Harbour 
and Zeehan 
Upper Rainfo rest 25 1 4 O* 0 5 0 
Na tone 
West Point Coastal heath 25 1 3 0 0 3 2 
Near 
Ma rrawah 
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Eastern quoll s have been reported in the alpine 
areas of Cradle Mountain (Weindorfer and Francis 1920) and 
though both species of Dasyurus have been sighted in the 
wet sclerophyll forests near Lake St. Clair, no animals 
were caught during the study. Scats of one of the species 
was collected in this region and foot prints were observed 
along a muddy creek . 
Only in Prosser's forest were both species of 
Dasyurus trapped during this study. As eastern quolls 
occurred in most of the habi tat types defined by Jackson 
(1965), it was possible that the competition between the 
D. viverrinus and D. maculatus influenced the distribution 
and relative abundance of these species throughout the 
state. Tiger quolls occurred primarily in the north of 
the State (Fig. 2.7), in all six habitat types (Fig. 2.6 , 
Table 2 .1). There was no significant difference between 
the two species in the number of grid cells of the 
different habitat types in which they were recorded 
(moorland , sedgeland and coastal heath were combined for 
the x2 analysis) . Both species occurred in 33 of the 
same grid cells; this represented 33 . 0% of the cells in 
which D. viverrinus was recorded and 45 . 8% of the cells in 
which D. maculatus was recorded. The possible significance 
of this relatively large overlap is difficult to assess on 
the basis of this methodology, though it suggests that 
competition a lone is not responsible for the d i str ibution 
of these species . Obviously a much more detailed study is 
KI NG ISLAND 
Fig. 2. 7 
1901-1981. 
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FLINDERS ISLAND 
TASMANIA 
DASYURUS MACULATUS 
Distribution of tiger quolls in Tasmania, 
Lines indicate 10' of latitude and 
longitude. Sides of each rectangle are 14.7 km by 
20.5 km, Shaded area indicates the regions in which 
tiger quolls have been recorded . Overlay indicates 
actual record loca t ions. 
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necessary to examine possible competi tion between these 
l a rge marsupial predators . 
In general, eastern quolls occur in a var iety of 
h abitats, primarily in eastern Tasmania , and were most 
abundant in a r eas where sclerophyll forest and pastures 
were mixed . The highest t r ap success , within this type of 
habitat, was found to occur at Cradoc Hill , on the Huon 
peninsula in southern Tasmania (Table 2.2a , b). As this 
high trap success was partially achieved by finding good 
trap sites on a trial and error basis, the Cradoc study 
area is thought to be typical of this habitat type . 
2.3.2 Reproduction 
Eastern quells are seasonal breeders and produce 
young once a yea r (F ig 2.8) . In the Cradoc populat ion , 
females were found to e nter oestrus between the middle and 
end of May (Table 2 .3 ) and births of young in populat ions 
throughout Tasmania , normally occurred dur ing June (Table 
2 . 4 ) • Birth of young was estimated from the relationship 
between crown- rump l ength, a nd head length, and age for 
sev en litters raised in captivity (Fig . 2 . 9a and 2.9b ). 
I t was thereby possible to dete rmine the ages of the 
litters of wild females (Appendix 2) . Although large 
samples of litters were obtained only at Cradoc , southern 
Tasmania , and Gladstone , northern Tasmania (from data in 
Green (1967)) , it appears that births generally occur from 
the middle to the end of June. Fleay 1 s (1935) r ecords of 
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Weaning 
Young in den 
Young in pouch 
Birth 
(polyoestrus) 
Mating 
-----------
J F M A M J J A s 0 N D 
Fig . 2 . 8 Timing of reproductive events in eastern 
quolls. 
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Table 2.3 Breeding condition of female eastern quolls in 
the Cradoc study ar.ea , May- June 1979 . N = number. of 
fema les. 
Date 
Reproductive Condit ion 16.05.79 23 . 05 .79 6 . 06 . 79 
(N=lO) (N=8) (N=6) 
Pr.oestrus l 
Proestrus - oestrus 7 
Oestrus 2 6 l 
Metoestrus 1 5 
Anoestrus l 
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Table 2.4 
and Tasmania . 
Dates of birth of eastern quo lls in Victoria 
Si te 
Victoria: 
Lake Corangamite 
(Fleay 1935) 
Tasmania: 
South: Cradoc 
North: 
Cr a doc 
Cradoc 
Cr a doc 
Cradoc 
Cygnet 
Bushy Park 
Judbu ry 
Buckland 
Prosser ' s Forest 
Near Gladstone 
(Green 1967) 
Year 
1932 
1978 
1 978 
1979 
1 980 
1981 
1979 
1979 
1 979 
1979 
1980 
1964 
1964 
Numbe r 
of 
Litters 
1 
8 
1 
7 
21 
6 
2 
1 
1 
4 
3 
15 
1 
Approximate 
Date of Birth 
19 June 
4-15 June 
24 July 
10-24 June 
8-23 June 
16-26 June* 
7- 11 J une 
19 June 
lG June 
20-28 June 
7-1 2 June 
3 June -
7 July 
26 July 
* = eight females were in b r eed i ng condi tion at the end 
of the study on 26 June 1 981 ; therefore date of bi rth 
extends beyond 26 June . 
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Fig . 2 . 9 (A) Relations hip between age and crown-rump 
l engt h for pouch young of eastern quolls in captivity . 
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Fig . 2 . 9 (B) Relationship be tween age and head length 
for pouch young in eastern quells in captivity. 
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breeding females in Victoria indicate that births on the 
mainland also occurred during June. 
Although females are known to be polyoestrous 
during the annual breeding season, with a cycle of 31-35 
days and a gestation of 19-23 days (Fletcher 1977), only 
one of the 43 females recorded carrying pouch young at 
Cradoc during the study was found to have conceived on a 
cycle other than the first, if indeed she entered oestrus 
at the time of all other females. Although eight females 
were estimated to have given birth between 6-17 J une 1978, 
one female produced her litter on 25 July 1978. This is 
approximately 44 days after the other females (49 days 
after females giving birth on 6 June and 38 days after 
females giving birth on 17 June). This suggests that this 
female gave birth to young conceived on her second 
oestrous cycle. In data published by Green (1967) , one of 
15 females conceived on a cycle other than her first; 15 
fema l es produced litters between 12 June and 7 July 1964 
while one female gave birth on 27 July 1964 (b irth dates 
based on estimates, Appendix 2) . Ynis female thus gave 
birth approximately 32 days after the other f emales (45 
days after females giving birth on 1 2 June and 20 days 
after females giving birth on 7 July). 
In captivity females were found to conceive young 
on three different cycles. Vaginal smears taken from 
femules 61 , 91 and 92 on 16 May 1980 indicated that these 
females were in oestrus. Only female 61 gave birth on 
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4 June 1980 after a gestat ion of 20 days. Females 91 and 
92 regressed to a nonbreeding condition until 1 July 1980 
when both females were found to be in oestrus again; 
mating was observed on 2 July 1980 . Female 91 then gave 
birth on 29 July 1980 after a gestation of 27 days. 
Female 92 regressed a second time and returned to oestrus 
in early Aug ust. She mated on 8 August 1980 and gave 
birth on 28 August 1980 after a gestation of 20 days. The 
rates of growth of these three litters are illustrated in 
Figure 2.10 for the first few weeks after birth; all 
litters consisted of six young. As all three females were 
housed in the same enclosure with males throughout the 
breeding season, i t is possible that mating, which 
resulted in conception , occured at times other than those 
observed. However, on the basis of observed dates of 
oestrus , matings and births , gestation l ength ranged from 
20 to 27 days and the two oestrous cycles measured 46 days 
(16 May - l July) and 39 days (1 July - 8 August). 
Thus whi le females are po lyoestrous as 
illustrated by females in captivity, females at Cradoc 
normally conceive on their first oestrus during the annual 
breeding season. Births of young in each year from 1978 
to 1981 were fou nd to be less than two weeks apart 
indicating a highly synchronized breeding season (Tab l e 
2.4). The growth rates of litters while in the pouch also 
reflect this synchrony (Fig. 2.11). 
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Fig. 2.10 Growth of three litters of eastern quolls 
born to three captive females during different oestrous 
cycles in the 1980 breeding season. Day 1 = 1 June 1980. 
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Males are sexually active only dur ing winter 
(Fletcher 1977). As a reflection of testicular 
development, the size of the pendulant scrotum changed 
throughout the year (Fig. 2.12). In the Cradoc population, 
the scrotum was largest during April-May each year . By 
June, the width of the scrotum began to decrease and 
reached a minimum by September. Development commenced 
again in January . Sperm was found in the urine of males 
between March and August . By February, there was no 
significant difference between the size of the scrotum of 
an adult male and a male born the previous year 
(Fig. 2.12). In captivity, males of one year of age 
fertilized females of the same age. 
2.3.2.l .~ge structure of breeding animals, fecundity and 
litter size 
At least three age classes of females at Cradoc 
produced young each year (Fig. 2.13). Although it was not 
possible to know the ages of the 18 breeding females which 
were born prior to 1978, the age structure of the females 
breeding in 1980 and 1981 suggests that there were 
probably three age classes . The ages of females which 
were not trapped as juveniles were difficult to determine ; 
on the basis of the condition of their fur, pouches and 
teeth, it was usually possible to tell whether or not 
females were i n their first breeding season . Due to 
possibility of mistaking the ages of these females they 
are described as "1978?" and "1979?" in Figure 2.13. In 
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Fig. 2.12 Growth rates and seasonal fluctuations in the 
size of the scrotum in eastern quolls. Solid line = adult 
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1979, there were thus 10 females known (or. believed) to be 
breeding for the first time compared to five which had 
produced previous litters. In 1980, 21 females bred for 
the first time compared to seven which had bred previously. 
Because the study terminated at the end of June 1981, it 
is possible that there were more breeding females present 
during this season than were recorded; eight were known to 
be breeding for the first time compared to three which had 
. 
produced litters 1n previous years. For 1979-1981 , there 
were significantly greater numbers of females bear ing 
young for the first time (39) than females which had 
produced previous litters (20) ( x2=6.ll, df=l, p<0.02). 
Only three females were known to have produced 
li tters in three consecutive years though several others 
were in breed ing condition in their third season at the 
end of the study in 1981 (Table 2.5). No female was known 
to breed for four years and the poor physical condition of 
females at this age (low body weights, greying of fur on 
face, poor tooth condition, infections of the ears and 
eyes, and heavy infestations of ectopar.asites) indicated 
(\. 
that it was unlikely t~t females breed beyond three years 
of age . Female 29, believed to be four years old in June 
1981, did not breed during the 1981 season. Females 30 
a nd 03 also had ~le appearance of old animals (3-4 years 
of age) and failed to produce young during the last 
breeding seasons that they were trapped in t he population 
(1979 and 1980, respectively) (Table 2.5). Females 13 and 
611 , also 'elderly ', had small litters in what is suspected 
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Table 2 . 5 Female eastern quolls and their litters in the 
Cr a doc study area , 1 978- 1981 . Resident = x; 
non-resident = 
Year of Number of Young 
Birth of Female Resident 1978 1979 1980 1 981 
Female Number Status 
Before 1978 01 x 6 
02 x 3 
03 x 4 5 0 
04 x 0 
06 x 4 
0 7 x 5 
08 x 8 6 
09 x 6 
13 x 6 2 ...... 0 
15 6 
1 8 5 
19 0 
20 3 
24 x 0 0 
28 6 
29 x 6 6 6 0 
30 6 0 
31 6 
69 x 5 5 4 
71 2 
611 x 6 6 1 __,.o 
1978 96 ? 6 
114 ? x 5 6 
338 ? 6 6 
23 3 ? 6 
36 x 5 4 
41 x 6 6 4 
45 x 6 5 * 
54 x 6 
81 x 5 6 * 
85 x 5 6 
1979 556 ? 1 
559 ? 6-t5 
055 ? 6 
884 ? 6 
889 ? 6 
222 x 6 6 
224 x 0 
228 x 5~3 
122 x 6 
2229 x 6 
022 x 6 4 
220 x 6 
332 x 5~3 
333 x 4 
336 x 4 
(continued next page) 
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Table 2.s (continued) 
Year of Number 
Birth of Female Resident 1978 1979 
Female Number Status 
1979 339 x 
(cont.) 033 x 
133 x 
533 x 
440 
044 x 
144 x 
1980 466 x 
766 x 
776 x 
778 x 
477 x 
885 x 
887 x 
995 x 
? Suspected year of birth 
* In breeding condition at end of study 
x--y Pouch young lost 
of Young 
1980 1981 
5 
4 
4 
6 
6 
6 
6 
* 
5 
6 
* 
* 
5 
* 
* 
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to have been their third breeding seasons; both then lost 
their young before the end of July and did not conceive 
young on anothe r oestrus. Mean litter size for females in 
what was suspected to have been their third season was 
3 . 75 ~ 1.03 young. This compares with a mean litter size 
of 5.19 + 0.25 young for 26 females which were in their 
first breeding season and 5.28 + 0.36 young for seven 
females in their second breeding season. The low numbers 
of females surviving to their third season and the 
apparent reduction in reproductive success of females by 
this time indicates that the reproductive effort in the 
population was concentrated primarily on the firs t two 
years of life. 
All females trapped in Tasmania during this 
study , and those collected by Green (1967) had six teats . 
In comparison , females on the mainland were reported to 
have had eight teats (Fleay 1935). Of 100 litters (this 
study and Green (1967)) , 76 . 0% consisted of six young 
(Table 2.6) . In the two litters recorded by Fleay (1935), 
one consisted of six young and one of eight young (with 
females having eight teats). The tendency for eastern 
quells to produce large litters is probably due to the 
phenomenon of supe rovulat ion . As up to 36 embryos have 
been found in the uterii of female quolls (Hill 1900), a 
greater number of young are born than can be accommodated 
in the pouch . 
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Table 2.6 Litter size in eastern quolls in Tasmania. 
Site Number Litter Size 
of 
Litters 1 2 3 4 5 6 
Tasmania : 
Cradoc 70 2 2 2 10 15 39 
Cygnet 3 1 1 1 
Zeehan 1 6 
Prosser's Forest 4 1 1 2 
Bushy Park 1 6 
Judbury 1 6 
Buckland 4 1 3 
Gladstone 16 3 13 
(Green 1967) 
TOTAL 100 2 2 2 12 21 76 
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Because of t he large l itter s izes and the large 
number of females breeding for the first time each year , 
the greatest production of young was made by femal es of 
one year of age ( Fig. 2.14). In 197 9 , 56 young were born 
to femal es in their fi rst season compared to 24 by f emales 
in their second and third seasons. In 1980 , 105 young 
were bo rn to one-year-old f ema l es compared to 49 by older 
females. As most femal es h ad not produced young by the 
end of June 1981, the proportion of young born to females 
of different a ges for the 1981 breeding season was 
unknown. Based on the number of young in 1979 and 1980 
combined , there were significantly more young (161) born 
to females i n their first breeding season than young (7 3) 
born to fema les in their second or thi rd seasons 
(x 2=33.l, df=l, p<o . 001). 
Failure to breed occurred in seven females . As 
mentioned earlier , three females (Females 03 , 29 , 30) were 
known or suspected of being at least three years old. 
Females 04, 19, 224 and 24 (Femal e 24 did not breed i n two 
consecutive years) did not appear to be old anima ls, and 
al l, except for Female 24, were found to have wound s on 
the back of their necks and shoulders dur ing the breeding 
season , similar to wounds on females which produced 
young . These wound s are indicative t hat the female had 
mated . D~ring mating , the male g rips the body of the 
female wi th his fore paws and her neck wi th his teeth in a 
manner characteristic to many dasyur i ds (Sett le 1978; 
Croft 1982) . Male s a r e promi scuous breeders and females , 
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particularly once mated, repulse further attempts by males 
to mount (Section 5 .3.2.1). Once a male has secured his 
position with his teeth on the neck of the female , lack of 
co-operation on the part of the female, and the tendency 
of a male to drag the female around while copulating, may 
both contribute to wounds inflicted to the female's neck. 
Thus, while Females 04, 19 and 224 had mated , they had 
failed to conceive young on any oestrous cycle. 
Reproductive failure was in general low ~4.3% of the 
females in 1978 did not breed , 1 1 .7% in 1979 and 6 .1% in 
1980)and appears unlikely to have represented a mechanism 
of reducing natality . 
Although the relationship between reproductive 
success and age in adult males at Cradoc was not known, 
few males lived for more than three years. During the 
study, only four males lived for more than 30 months; one 
male born in June 1978 was found dying in May 1981 (age of 
two years and 10 months), another ma le born be fore 1978 
disappeared in July 1980 (at least three years old) and 
two males born in 1978 were al ive at the end of the study 
in May 1981 (age of three years). The mal e , which was 
known to have lived for two years and 10 months old , 
weighed 1.05 kg when he died, compared to 1.40 kg during 
his prime. He had become blind in one eye and had ear and 
eye infections , his fur was thin and greying , two incisors 
were missing and one canine was chipped. In add ition to 
the poor physical condition typical of older animals , he 
had a very heavy infestation of ectoparasites. Eastern 
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quolls are the hosts of two main species of tick; Ixodes 
tasmani and I. antechin i (Roberts 1964), and four main 
species of flea; Uropsylla tasmanica , Acanthopsylla 
r.othschild i rothschildi, Stephanocircus dasyur.i and 
Pygiopsylla hopli a (Dunnet and Mardon 1974; Pearse 1981). 
Adult U. tasmanica both feed upon and deposit their. larvae 
within eastern quolls. The larvae which are normally 
deposited within the tail, limbs, ears and scrotum or 
pouch rim but also on the back and head of older quolls, 
occur in the greatest infestations from May to July 
(Pearse 1981; present study). The larvae, which are 
commonly deposited in clusters and grow to approximately 
1-2 mm in diameter before they pupate, create large 
pus- filled wounds in older quolls during the breeding 
season of the quoll, and may contribute to reducing the 
fitness of older animals . An example of their detrimental 
effect was observed in a two (possibly, three)-year-old 
female. Prior to evidence of larval deposition in April 
1979, she was in good condition and weighed 0.98 kg. 'IWo 
months later and weighing 0.67 kg , this female had such a 
severe infestation of larvae over her back, ches t and legs 
that she was unable to walk normally and was not re trapped. 
As in females , the largest number of breeding males each 
year were those in their first and second seasons 
(Table 2.7). 
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Table 2.7 ( a ) Number of eastern quolls in four age 
cohorts which survived between success i ve breeding seasons 
(May-June) in the Cradoc study area , 1978-1981. Numbers in 
brackets indicate the numbe r of animals p r esumed t o be born 
into the population which survived to be juveniles. 
* =possibly underestimated. 
Number of Animals 
Cohort Sex 1978 1979 1980 1981 
Born< 1978 M 8 8 1 0 
F 10 6 3 1 
Born 1978 M (37) 7 4 2 
F (22) 5 4 3 
Born 1979 M (26) 10 3* 
F (29) 14 5* 
Born 1980 M (39) 5* 
F (37) 7* 
(b) Percentage survival of eastern quells 
between successiv e breeding seasons. Numbers in brackets 
indicate the percentage survival of juveniles to their 
first breeding season. * = possibly under-estimated . 
Percentage Survival 
Cohort Sex 1978 1979 1980 1981 
Born < 1978 M 100 12.5 0 
F 6 0 .0 50.0 33.3 
Born 1978 M (18.9) 57.1 50.0 
F (22.7) 80.0 75.0 
Born 1:9 79 M (38.4) 30 . 0* 
F (34.4) 35.7* 
Born 1980 M (12.8)* 
F (18 . 9)* 
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2.3 . 2.2 Growth and survival of young 
Young were approximately 6 nun long at birth 
(Fig. 2.15). Up to the age of nine weeks, young were 
carried in the pouch; rates of growth of pouch young are 
described in Figure 2.9. The development of young quolls 
is described by Fleay (1935), Nelson and Smith (1971) and 
Collins (1973). 
low. 
Mortality of pouch young at Cradoc appeared to be 
In only five litters was loss known to have occurred 
(Tab le 2.5 ) . As mentioned in Section 2 .3.2.1, two females 
known or suspected to have been in their third breeding 
seasons lost their young. In 1980, three fema les in their 
first breeding season l ost young; one female lost one 
young from a li tter of six and two females each lost two 
young from litters of five. 
At nine weeks of age (mid August ) , young weighed 
appr.oximately 20 g and began to bulge outside the folds of 
the pouch. Their lips, which were fused around the teat, 
separated and the female deposi ted the now detachable 
young within a den . Pigmentation and spots were visible at 
thi s age (Fig. 2.15). Growth rates of young f rom the time 
that they were free from the teat until sexual maturity 
are illustr.ated in Figure 2.16. Pelage colouration became 
apparent at 10 weeks of age and eyes opened at 11 weeks . 
Differences in the sizes of the sexes, although first 
apparent around 12 weeks of age , became most marked in the 
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Fig. 2 .15 (a) One-day old eastern quoll attached to a 
teat. Crown-rump length = 6 mm. 
Fig . 2.15 {b) 28 - day old eastern quells in pouch . 
Crown- rump length = 1 9 mm. 
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Fig. 2.15 (c) 60-day old eastern quolls. This is 
approximately the age when young detach from the teat 
and are deposited in the den . 
Fig. 2.15 (d) 124-day old eastern quolls. Weaning 
commences at approximately this age . 
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weights of young after weaning (approximately 18 weeks of 
age) . As there was large individual variation in the 
growth rates of animals within litters and between litters 
of the same size, an analysis of variance revealed that 
there was no significant difference in weights of young 
males of similar ages from l itters of different sizes 
(Table 2.8). For example , two males in a litter of two 
( first entry in Table 2.8) were slightly larger at 75 and 
100 days of age than the males in two litters of six (last 
two entries in Table 2.8); by the age of 125 days 
(approach ing the age of weaning) and up to the age of 200 
days, the males in the litters of six were larger than the 
males in a litter of two. However, within the three 
litters of six , there was considerable variation in male 
weight at all ages. Weaning commenced towards the end of 
October (18 weeks of age) and by November, juveniles were 
independent of the mother . 
To determine the survival rates of young between 
the time they were depos ited in the den and the time of 
weaning , the number of juveniles presumed to be alive 
(PTBA) in the population in November (Section 2.2 . 2) was 
calculated for the cohorts born in 1978, 1979 and 1980, 
and was compared with the number of young known to have 
been born to resident females in these years (Section 
2.2.2). The number of young born in 1978, 1979 and 1980 
was 57, 63 and 112 , respectively . The number of juveniles 
PTBA in November in 1978, 1979 and 1980 was 59 , 55 and 76, 
respectively . The survival rate of young while in the den 
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Table 2.8 Mean weights ( g) + 1 S.E. of male eastern 
quolls in litters of different sizes at specified ages . 
Mean Weig_ht 
Age (dazs) 
Litter Number 
Size of 
Males 75 100 125 150 175 200 
2 2 53. 0+ 144.0 259.0 440.5 595.5 788. 0 
-1. 0 +7.0 +11. 0 +28.5 +13.5 +23.0 
4 3 48.0 150.0 310.7 443.0 631. 3 840.3 
+l. 0 +2.0 +5.4 +18.0 +37.2 +11.3 
5 1 51. 0 130.0 312.0 507.0 720.0 912.0 
5 2 51. 5 130.0 319.0 547.5 734. 5 949.0 
+l. 4 +1.0 +14.0 +12.5 +14.5 + 9.0 
6 3 48.6 129.3 235.7 408.0 567.7 861. 6 
+l. 2 +7.2 +12.8 +14.2 +14.3 + 28.6 
6 3 48.7 118.0 304.0 443.3 618.3 876.3 
+0.8 +4.9 + 5.1 +1 8 .4 +35.5 +16.5 
6 3 50. 0 135.6 306.7 520.0 731. 3 897.7 
+l. l +6.1 + 9.0 + 5.3 +16.1 +11.8 
- -
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in 1978, 1979 and 1980 was, therefor.e, 103.5%, 87.3% and 
67.8%, respectively. It is obvious from the sur.vival rate 
of 103.5% in 1978 that either all resident females with 
pouch young wer.e not trapped (thus underestimating the 
total number of young born into the population) or that 
juveniles immigrating into the population between November 
and March of the following year, were i nflating the 
estimate of the number of juveniles PTBA in November. 
However, as it seems unlikely that all juveniles born into 
the population were trapped prior to dispersal, the large 
number of trapped juveniles in the 1978 cohort suggests 
that survival rates of young while in the den were high. 
Similarly the survival rate of den young in the 1979 
cohort was also high (87.3%). Comparat ively , the survival 
rate of the 1980 cohort of den young was lower (67.8%) 
than either of the previous years. 
2.3.3 Demography 
2.3.3.1 Cohort survival and recruitment 
The number. of eastern quolls known to be alive 
(KTBA) in the population at Cradoc fluctuated seasonally 
from August 1978 to May 1981 (Fig. 2.17). The gr.eatest 
nurnbe:r.s occurred in summer. each year when juveniles became 
trappable and the least number.s occurred in winter 
following the breeding season (May-June). The numbers of 
animals KTBA in each cohort are illustrated in Figure 
2.18. Peaks in the number of juveniles KTBA in each 
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Fig . 2.17 Number of eastern quolls known to be 
alive (KTBA) in the Cradoc study area, 1978-1981 . 
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Fig . 2.18 Number of eastern quolls known to be 
alive (KTBA) in each cohort in the Cradoc study 
area, 1978-1981 . Shaded area indicates the number 
of females KTBA; unshaded area indicates the number 
of males KTBA. 
198 1 
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cohort occurred between December and March. Mortal ity or 
dispersal of young reduced the size of these cohorts by 
the time of the breeding season after their birth . 
From 1978 to 1981 there was an increase in the 
number of animals KTBA each year (Fig . 2.17). This 
increase was the result of a high rate of survival of 
animals born in 1979 to the breeding season of 1980. Only 
14 animals born in 1978 survived to their first breeding 
season ; in comparison , 31 animals born in 1979 survived 
to breed in 1980 (Table 2.7). The larger number of 
breeding animals in 1980 resulted in the b irth of a 
greater numbe r of young (Figs. 2.13 and 2.14); these 
figures , however , include both resident and non- resident 
females . In terms of the r es ident populat ion, the number 
of juveniles PTBA in the populat i on was considerably 
greate r in 1981 than in either 1979 or 1980 (Fig. 2.19). 
The high r a te of survival of the 1979 cohort is apparent 
in Figure 2 . 20. On the basis of the number of juveniles 
PTBA between November and April each year, the rate of 
dispersal (or mortality ) of the 1979 cohort was 3.7 
animals per month . This compares with 6.2 animals per 
month for the 1978 cohort and 9. 2 animals per month for 
the 1980 cohort . 
Difficulties arise in determining the survival 
rate of cohorts between successive years due to the 
relative brevity of the study. As the estimate of the 
number of animals KTBA relies on future captures it is 
likely that the number of animals KTBA in the last few 
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months of the study was underestimated; consequently 
survival rates of animals between 1980 and 1981 would also 
be underestimated (Table 2.7). Using the estimate of the 
number of animals PTBA in November of the year of their 
birth, animals in the 1978 cohort had lower survival rates 
between November and their first breeding season than 
between their first and second, or second and third 
breeding seasons. In comparison , animals born in 1979 had 
a higher rate of survival between November and their first 
breeding season than between their first and second 
seasons. However, as the number of animals KTBA in May 
1981 was probably underestimated, survival rates of this 
cohort and for the cohort born in 1980 may also be 
underestimated (Table 2.7). 
Animals which appeared in the population as 
adults (and hence their year of birth was unknown) were 
presumed to be immigrants. During the study, 10 
irrunigrants became residents in the population (Table 2.9). 
The three female recr.uits were first trapped in the 
population just prior to, or dur ing, the breeding season. 
Immigrant male recruits appeared in the population during 
February and June. While the number of immigr.ants 
recruited each year was low (three in 1979, five in 1980 
and two in 1981) it is evident that the population was not 
composed solely of related individuals. As immigrants 
were recruited during years of high and low density (Table 
2.9), the process of recruitment appears to be unrelated 
to the absolute number of residents known to be alive in 
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Table 2.9 Recruitment of i mmigrants into the population 
of eastern quol l s in the Cradoc study area, 1 978-1 981 . 
Date of First Number. of Residents 
Number of l 11U11igr.ants Sex Capture at Time o f First 
Ca£!:.ure 
1 F April 1979 28 
2 M,F June 1979 23 
2 M March 1980 42 
1 M April 1980 42 
1 M May 1980 42 
1 F June 1980 42 
1 M February 1981 41 
1 M March 1981 42 
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the population . There was no significant difference in 
the sex ratio of recruited immigr.ants. 
Recruitment of animals born into the population 
exceeded that of inunigrants. ~Helve (48.0% ) of the 25 
residents present during the May-June breeding season of 
1979 were quolls born into t h e population the previous 
year; only 3 (12.0%) were recruited immigrants . In the 
breeding season of 1980, 32 (74.4%) of the 43 residents 
were animal s born into the population in 1 9 78 and 19 79 , 
while 7 (16.3%) were recruited immi grants . As it was not 
known whether animals born prior to 19 78 were immigrants 
or animals born to residents , they have been omitted f r om 
this comparison. 
In an attempt to understand the process of 
recruitment, pouch young i n 1979 and 1980 were marked 
during early August , and trapped juveniles were later 
examined for evidence of these marks. The relatively poor 
recovery rate of mar ked juveniles suggests that neither 
technique of marking (ear-notching and claw removal) was 
permanent. Of the 30 animals marked in 1979 , 1 9 ( 63.3%) 
were later identified as juveniles but only 9 of the 42 
( 21.4%) marked in 1980 were recovered (Table 2 . 10). As 
the marking techniques are not believed to have been 
adequate, these per.centages are unlikely to represent 
sur.vival rates of young while in the pouch and den. 
Although it is possib l e that the low recovery ra t e was due 
to high mobility of young, one would then expect that 
Table 2.1 0 Identification of litters of easter.n quolls in the Cradoc study area , 1979-80. 
Year and Female Litter Number of Number of Numbe.r. of Number. of 
Method of Number Size Marked Male s Marked Males Marked Marked Females 
Litter (Pouch Young) Trapped as Females Trapped as 
Marking Juveniles (Pouch Young) Juveniles 
------
1979 13 2 1 l 1 
Ear- ·•0Tc.h1•"'3 41 6 3 3 3 2 
r-- 45 r-- 6 4 4 2 ]_ 
54 6 4 1 2 
81 5 3 3 2 2 
85 5 2 3 2 
1980 41 6 4 2 2 
Claw 45 5 3 2 
Removal 81 6 4 2 
85 6 2 4 
22 2 6 5 l 
2 28 3 1 2 l 
002 6 3 3 3 3 
133 4 2 2 
Total 41 15 31 13 
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juveniles which were marked while in the pouches of their 
mothers in one region of the study area , may have been 
retrapped in another region . However , all marked 
juveniles, when f i rst identified in early summer , were 
trapped in the same region as their mothers. 
Marking d i d however provide information on the 
recruitment and genealogies of four females (Figs. 2.21 
and 2 .2 2) . Of the six young born to female 4 1 in 1979, 
four became residents and survived for at least one year; 
two of the six offspring of one of her daughters also 
became residents . In 1979 , three of the five young born 
to Female 81 , at least two of the five young born to 
Female 85 and at least four of the six young born to 
Female 45 all became residents. In total , at l east 1 5 
juveniles (53.5%) of the 28 born to five resident females 
were rec r uited into the population . 
2 . 3.3.2 Sex Ratio 
In total 269 quolls were trapped; 117 females in 
a total of 883 captures and 152 males in 762 captures. 
Although over the entire study there were significantly 
more males than females (x2=4.55, df=l, p<0.05) , the 
relative number of males to females fluctuated seasonally 
(Fig. 2.23). Generally there were more males than females 
KTBA in the population during winter (breeding season) and 
more females than males during the summer . However, only 
JUNE 1978 
JUNE 1979 
JUNE 1980 
JUNE 1981 
JUNE 1978 
JUNE 1979 
JUNE 1980 
JUNE 198 1 
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1 1 1 
~81 
1 1 1 7 ? ? 
* 
Fig. 2.21 Genealogies of two female eastern quolls 
in the Cradoc study area. 
? = sex of young unknown ; * = females in breeding 
condition. 
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JUNE 1978 
~85 
JUNE 1979 
JUNE 1 980 
7 7 7 7 7 
7 7 7 7 7 
JUNE 1981 
JUNE. 1978 
..;- "" ":> ~ .. 
9 ~ -t;>"" 'b'°" ~ .. ~ .. 
JUNE 1979 I I 
JUNE 1980 9 9 c! c! c! I I I I I 
JUNE 1981 
Fig. 2.22 Genealogies of two female eastern quells 
in the Cradoc study area. 
? = sex of young unknown; * = females in breeding 
condition. 
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the large ratio of males t o females (29:13) in June 1979 
was significantly different from parity ( x2=6.09 , df=l , 
p<0.02) . 
Inequality in the sex ratio was not due to the 
birth of an excess of males or females , nor to differences 
in the survival rates of pouch young. The sex of po uch 
young was recor ded for 19 litters . The ratio of males to 
females for five litters in 1978 was 1. 2 : 1 .0 ; f or six 
l itters in 1 979 was 1. 6 : 1. 0; and for eight litters i n 
1980 was 1 . 1 : 1. 0 . Thes e ratios were not significantly 
different from parity . The ratio of juvenile males to 
juvenile females for 59 juveni les trapped in 1978 was 
1.7 : 1 . 0; for 55 juveniles in 1979 was 1. 1 : 1.0 ; and for 
76 juveniles in 1980 was 0.9 : 1 .0 . These ratios were 
also not significantly different from parity. Seasonal 
fluctuations in the sex ratio must therefore reflect 
differences in the survival rates of the sexes at 
different times of year or inf luxes of non- resident 
animals . 
As the sex ratio was based on the number of 
animals KTBA and not on the actual number of animals 
trapped during e a ch session , trappability , which is an 
indicator both of the behavioural response of animals 
towards traps and the mobility of potentially trappable 
animals , could not be responsible for fluctuations in the 
sex ratio . As trappability of males and females fluctuated 
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J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A S 0 N D J F M A M J 
1978 1979 1980 
Fig. 2.23 Sex ratio of eastern quolls KTBA in 
the Cradoc population, 1978-1981. 
9 
198 1 
J A S 0 N D J F M A M J J A S 0 N D J F M A M J J A S 0 N D J F M A M J 
1978 1979 1980 
Fig. 2. 24 Trappability of mal e and female eastern 
quolls in the Cr adoc study a r ea , 1978-1981. 
1981 
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irregularly over the three years (Fig. 2.24) general 
conclusions about trap response and mobility are not 
possible. 
The increase in the relative number of femal es to 
ma les during the summer of 1979 and 1980 coincided with 
the months of max imum population density in these years. 
This ratio was primarily due to the large number of 
juvenile females in the population during ear ly summe r. 
The number of juvenile females KTBA during the summer of 
1979 and 1980 exceeded that of juvenile males (Fig. 2.18) 
despite approximately equal numbers of males and females 
at birth, and as juveniles PTBA in November of these years 
(Fig . 2.19). The greater numbe r of juvenile females KTBA 
resulted from higher survival rates of juvenile females 
dur ing the period from November to March (Fig. 2.20). It 
would thu s appear that juvenile males disperse or die at 
higher rates than juvenile f emales during the early months 
of summer. The rapid dispersal of juvenile males was also 
reflected in the large number which were caught in only 
one trap session during November-December (Fig . 2 . 25). As 
18 of the 23 (78.3%) juvenile males , which were caught 
( J t!. Cr~ O•-.!j c~1r ,C., t. !.51011) 
only once ~ were trapped on both nights of the trap session, 
-· 
trap- shy behaviour was an unlike ly reason for not 
retrapping them. 
Although juvenile males disappeared from the 
population at higher rates than females during the first 
few months of summer, by the breeding season (May-June ) 
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c1 
20 -, 9 
rf 
~ 
15 
10 
5 
0 
J A s 0 N D J F II A II 
Fig. 2.25 Number of eas t ern quolls which were 
trapped only once in the Cradoc study area. Data 
pooled from July 1978 to March 1981. 
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Fig . 2.26 Number of nonresident adult easte rn 
quolls from neighbouring populations trapped in 
the Cradoc study area each month . Da t a pooled 
from July 1978 t o June 1981 . 
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the percent reduc tion in t he number of juveni le males was 
simi lar to that of juvenile fema les. For the cohort born 
in 1978, 27. 2 % survived to May 1979; 2 7 . 0% of the males 
compared t o 2 7 .3% o f the femal es. For the cohort bor n in 
1979 , 5 8.2% survived to May 1980 ; 57 . 7% of the males and 
58 . 6% of the females. For the cohort born i n 1980 , 21. 0% 
s urvived t o May 1 981, 20 . 5% of the males and 21. 6% o f the 
female s. Thus , s i mi lar proporti ons of mal es and females 
surv i ved to their first breed i ng season despite 
differences i n rates of surv i val of t he sex e s within the 
months preceeding May and v ariati ons between year s i n the 
total percent survival of juveniles . 
An increa se in the number of non- resident adult 
females from neighbour i ng populations during summer 
(Fig . 2 . 26) may also have contributed to the h i gher number 
of females to males at this time. Coincidental with 
vagrancy in females from neighb::)Uring populations was a 
decr ease in the number of res i dent females from October to 
Decembe r (Fig. 2.27 ) . Of the 27 resident adult fema l es 
which disappeared from October 1978 to May 1981, 11 
(40 . 7%) were last captured during this period . Because 
there was a diffe r ent number of trap sess ions within each 
month , monthly comparisons 0£ when animals were last 
trapped may not be meaningful . However , if mortality or 
d i spersal was not dependent on seasonal events which 
affected the sexes differentially , then the numbersof 
males and females which disappeared from the population at 
t~is time should have been equal . Of the 48 resident 
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Fig . 2.27 Number of eastern quolls which were 
known to have disappeared from the Cradoc study 
area each month . Data pooled from July 1978 to 
June 1981, 
~ JUVEN!LE 
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~ 
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r! 
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adult males which disappeared from the population during 
the study, only three (6.2%) were last trapped during 
October-December . Thi s is significantly fewer than the 
number of adult females (11) which died or dispersed 
during these months (x2=9.42 , df=l, p<0.01). 
The greater number of males to f emales during the 
breeding season each year was largely due to an increase 
i n the number of non-resident ma les (Figs. 2 . 25 and 
2.26). Between Ap~il and August , 14 transient males and 
14 males from neighbouring populations (which were only 
trapped at Cradoc during the breeding season) were 
captured . This was significantly greater than the six 
transient females and six females from neighbouring 
regions which were trapped at this time ( x2=6.4 , df=l , 
p<0.02). However there were also many changes occurring 
in the population . Between April and August 1978-1981 , 10 
adult femal es and 36 adult males died or dispersed ( Fig . 
2 . 27); this represented 37.0% of the 27 adult females and 
75.0% of the 48 adult ma les which disappe[ed during t he 
study. Signi ficantly more males were last trapped at this 
time than femal es ( x2=14.7 , df=l, p<0 .001) . Resident 
males disappeared from al l cohorts (Fig . 2 . 28) . Six males 
born prior to 1978 were l ast caught between June and 
August 1979; two adult males born in 1978 disappeared 
between August and September 1979 and a further two fr om 
this cohort disappeared between April and June 1980 . Four 
adult males born in 1979 were last caught between August 
and October 1980. Although mortal i ty in re s i dent adul t 
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YEAR OF BIRTH UNKNOWN 
BORN 1980 
BORN 1979 
BORN 1978 
~ 10 
z ol.--,--,-~~~~~~~~~~~~~iiiii~~ 
30 
20 BORN BEFORE 1978 
J A S 0 N 0 J F M A M J J A S 0 N D J F M A M J J A S 0 N 0 J F M A M J 
1978 1979 1980 
Fig. 2.28 Number of resident eastern quells KTBA 
in each cohort in the Cradoc study area, 1978-1981. 
Shaded area indicates the number of females KTBA; 
unshaded area indicates the number of males KTBA. 
1981 
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mal es was not confined to the period f o llowi ng the 
breeding season, the greatest reduction in their numbers 
occurred at th is time and affec ted all age classes 
similarly . 
In general, there were two periods in the year 
when survival r ates were low ; the months during the summer 
when juveniles and adult females dispersed or d ied , and 
the months dur ing and following the breeding season when 
adults of both s exes , though particularly mal es , 
disappeared from the population ( Fig . 2.29). 
2. 3.4 Diet 
Unlike species which deposit their droppi ngs in 
obvious sites for the purposes of marking their home 
ranges , quells scats were us ually difficult to locate, 
though they could occasionully be found along tracks , by 
ponds, near the haysheds and in the pasture . Although 
several scats were sometimes found together , there were no 
regular sites for droppings (spraints) such as ha s been 
described for otters Lutr~ lutra (Erlinge 1967), nor were 
scats deposited near the entrances of dens as desc ribed 
for otters living in coastal areas (Kruuk and Hewson 
1978) . When quo l l droppings were collected from sites in 
the field, new ones were not deposited in these same 
sites . Because there was no regularity in the use of 
sites where scats could be found , diet analysis depended 
on trapping animal s . 
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Fig. 2.29 Minimum monthly survival rates of 
eastern quolls. 
1981 
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In total, 539 scats were collected from 167 
quolls at Cradoc from August 1978 to January 1981 and 49 
scats were collected from 21 animals at Cygnet between 
October 1978 and November 1979. 
Food items were ass igned to seven categories; 
I 
these were insect larvae , mature insects (ie. nonlarval 
forms), vertebrates , vegetation {leaves, stems or roots), 
fruit, earthworms and a category composed of an assortment 
of items such as snails , birds eggs and spiders ( Fig . 
2.30). Although general l y the same types of prey were 
eaten by quells in both populations, there was a difference 
in the relative importance of food items in the two 
areas. Comparing the five largest prey categories there 
was a significant difference between the frequency of 
occurrence of prey types in scats of quolls at Cradoc and 
at Cygnet ( x2 =15.3, df=4 , p<0 . 01) due to the greater 
amount of vertebrates found in the scats at Cygnet. This 
difference was even more marked when the percent volumes 
of prey type s were compared (x2=20.7 , df=4, p<0 . 001) . 
There was also specialization for feeding on a particular 
type of insect larvae in the Cygne t population (Section 
2.3.4.1). Thus, despite similarities in the general 
select i on of food types , a comparison of the scats of 
quolls in neighbouring populations suggests that quolls 
are opportunistic , and exploit resources which a re 
regionally available. 
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CR A DOC CN = 539) 100 CYGNET CN=49J 
80 
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20 
PREY TYPES 
CRADOC 100 CYGNET 
80 
60 
40 
20 
2 3 4 5 6 7 2 4 5 
PREY TYPES 
Fig. 2 .30 Food of eastern quolls in two populations 
in southern Tasmania assessed by scat analysis . 
N = number of scats; 1 = insect larvae (* = rat-
tailed maggots), 2 = 'mature' insects (nonlarval 
forms) 3 = vertebrates (shaded = birds, nonshaded = 
mammals), 4 =vegetation but not fruit , 5 =fruit , 
6 = earthworms, 7 - other (eg. snails, birds eggs, 
spiders etc.). 
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2.3.4.1 Insect larvae 
Insect larvae were the major food item in the 
diet of quolls at Cradoc occurring in 83.7% of all scats 
and representing 40.8% of the total volume (Fig. 2.30). 
Larvae consisted primarily of lepidopteran species; these 
were two species of Noctuidae, (the southern armyworm 
Persectania ewingi and !\ffiEhioyra sanguinipuncta), and two 
species of Hepialidae (the corbie Oncopera intricata and 
O. rufobrunnae). Rat-tailed maggots, the larvae of the 
drone fly Eristalis sp. (order:Diptera, family: Syrphidae) 
which lives in sludge and decaying vegetation of swamps, 
occurred in high frequencies in the scats of quolls at 
Cygnet. Larvae of the cockchafer ~phodius sp. (order: 
Coleoptera, family: Scarabidae) occurred in low 
frequencies in quoll scats at Cradoc and Cygnet. 
Insect larvae fluctuated both in the percent 
frequency of occurrence and percent volume throughout the 
year (Fig. 2.31) . Peaks of abundance occurred in October 
and February and corresponded to the two generations of ~· 
ewingi each year. Larvae occur in large instar sizes in 
February-April and September-November just prior to adult 
emergence' (Miller 1951). Although some larvae may 
overwinter (Blackhall 1980), the relatively low percent 
frequency of occurrence and volume of larvae in the diet 
from April to August suggests that they were scarce or 
difficult to locate. Adult emergence of the moths A. 
sanguinipuncta, Q· intricata and O. rufobrunnea occurs in 
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Fig . 2 .31 Seasonal changes in the frequency of 
occurrence of prey in the scats of eas tern quolls 
VEGE TATION 
in the Cradoc study area. Diagonal shading indicates 
percent volume of prey i t ems in each month; vertical 
shading indicates percent volume of blackberries; 
joined do t s indicate frequency of occurrence of 
blackberries. 
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December-January (Evans 194Th; Martyn 1952) and are thus 
available as large larvae during summer. In total, four 
species of moths were available as large larvae between 
August and March. From October to January quoll scats 
frequently contained 20 to 50 larvae per scat indicating 
the popularity of this food. 
During the summer of 1979 there were significantly 
higher volumes of larvae in the scats of animals at Cradoc 
than in those collected the previous summer (Mann-Whitney 
U test for volumes of larvae from August to March in 1978 -
1979 and in 1979-1980; 
Heavy infestations of corbies in pastures in southern 
Tasmania were reported by the Ministry of Agriculture in 
August 1979. Reasons for the increase in larvae are not 
known tho11gh the low rainfall in the preceding winter 
(i979) and cool daytime temperatures during the summer of 
1979-1980 compared with (a) other years of the study, and 
(b) the mean rainfall and temperature from 1972-1978 
(Figs. 2.32 and 2 . 33), may have increased larval 
survival. Evans (1 943) commented that "whilst minor 
outbreaks may occur in any season , it would seem that 
major ones usually occur at intervals of seven years"; no 
reasons were postulated for these cycles. Increased 
abundance of larvae during the summer of 1979-1980 may 
explain the high rate of survival of juvenile quolls in 
the 1979 cohort. 
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Fig. 2.32 Maximum and minimum temperatures in the 
Cradoc study area. Solid line indicates the mean 
monthly temperature, 1978-1981; dotted line indicates 
the mean monthly temperature, 1972-1978. 
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Fig. 2.33 Rainfall in the Cradoc study area. 
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Quadrat sampling along transects , showed that 
caterpi llars wer e found in small patches t hroughout the 
pasture (Tab l e 2.11). Within the forest only five tunnels 
constructed by corbies Oncopera sp . were located . These 
vertica l t unnels , up to 30 cm in depth, are b uilt by 
corbies for refuge during the day and can be identified by 
the silky , web-like mate rial, used to cover them (Evans 
194lb ). Although attempts were made to deter mine the 
actual number of larvae living within these tunnels b y 
digging up and flushing corbies from their t unnel s , the 
high effort and poor success in determining tunnel 
occupancy made this opeLation inefficient. There was no 
ev idence that quol ls dig corbies from the ir vertica l 
tunnels . In contrast , armyworms , whose name derives from 
their tendency to move en masse during p l agues , r efuge 
under o r within grass tus socks during the day. On the 
basis of 12 0 quadrat samples between September 1978 and 
August 197 9 , larvae density in the pasture was fou nd to be 
0.91 + 0 .12 l arvae or l arval tunnels per m2 , compared to 
0.03 larvae or larval tunnel s per m2 in the woods . The 
observed fr equency of larvae per m2 was compared with a 
Poisson series with a mean of 0. 91 (Tabl e 2.11); l arvae 
were found to be non-randomly distributed (x2=147 .7, 
df=S, p<0 . 001). 
The high percent fr equency of occur rence and 
volumes of r at- t ailed maggo ts in quell scats in the Cygnet 
population indicated local specialization on an ava i lable 
Table 2.11 Distribution of moth larvae, and tunne ls built by larva e , 
in woods and pastures in the Cradoc study area based on quadrat samples 
along transects, September 1979 - August 1980. 
Number of 
Larvae 
per 
Quadrat 
0 
1 
2 
3 
4 
5-1 0 
Mean 
+ 1 S.E . 
Pasture 
(N=l20 Quadrats) 
Observed Expected 
Frequency of Frequency of 
Larvae/Tunnels Larvae/Tunnels 
71 48.3 
28 43.9 
5 19.9 
7 6.1 
4 1.4 
5 0 . 2 
0.91 
+ 0.12 
(N=l20 
Woods 
Quadrats) 
Observed 
F1equency of 
Larvae/Tunnels 
116 
3 
1 
0 . 03 
Expected 
Frequency of 
Larvae/Tunnels 
116.4 
3.5 
o.o 
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resource. In the Cygnet study area, a creek flowed 
through the valley and widened into boggy swamps in 
regions along its length. This is the habitat in 
which rat-tailed maggots occurred though attempts to 
determine the density of larvae by sampling swamp sludge 
were not successful. As the larvae respire by means of a 
long tapering tube which extends to the water surface 
(their bodies being located within the sludge 6-8 cm 
beneath the surface) it is presumed that quolls detected 
the movements of the tubes and either pulled or scooped 
the larvae from the sludge. Individual scats were found 
to contain more than 45 rat-tailed maggots during 
January-February indicating the abundance of this prey 
during surruner and the degree to which they were favoured 
as a food resource. Rat-tailed maggots were found in quoll 
scats in all months except June-August. At Cradoc, the s~ 
larvae did not occur in the diet of quolls perhaps because 
the creeks at Cradoc flowed more quickly and over rockier 
substrate. It is presumed that the cow ponds at Cradoc 
were also unsuitable habitat for Eristalis larvae perhaps 
due to fluctuations in the water level. 
Another food item which occurred in quoll scats 
was the larvae of the dung beetle or cockchafer ~I?_~odius 
sp .. Despite the great abundance of adult beetles which 
emerged from the soil in January, few larvae occurred in 
quoll scats during early summer. Aphodius larvae feed on 
grass roots within the turf, and would be largely 
unavailable to a predator which did not dig. They 
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occurred in only 1.7% of all scats examined, so it appears 
that quolls were feeding primarily on the surface for 
mobile prey, though adapted their feeding behaviour to 
suit local conditions. 
Insect larvae were also found in the scats of 
quolls in populations other than those in southern 
Tasmania. The scat of a female quoll caught between 
Granville Harbour and Zeehan, western Tasmania in November 
1978 contained lepidopteran larvae almost exclusively (75-
100% of the volume of the scat). Ten of the 12 (83.3%) 
scats collected in Prosser's Forest, northern Tasmania 
during January 1980 also contained large quantities of 
larvae. 
In general, larvae appeared to represent a major 
though seasonally restricted food resource for quolls 
throughout Tasmania. 
2.3.4.2 Mature insects 
Mature insects in the diet were primarily species 
of Coleoptera such as dung beetles or cockchafers ~phodius 
sp., leaf-eating beetles Paropsis delatata, golden stag 
beetles Lamprima aurata, field beetles Adelium sp. and the 
Christmas beetles Anoplognathus sp.. Earwigs Labid!-::ra 
truncata and Forficula auricularia , also occurred in the 
diet throughout the year. Although the percent frequency 
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of occurrence of mature i nse cts in quoll scats was quite 
high ( 56.0%) , they represented a low total vo l ume (12 . 8%) 
(F i g. 2 . 30). Because of the imprecision of the volume 
estimations, it is possible that mature insects were more 
important in the diet than the results of this study 
suggest . There were seasonal f l uctuations in the 
f r equency of occurrence and vo l ume of insects in t he diet 
with peaks of abundance in Januar y each year (Fig . 2.31). 
Peaks coincided with the adu l t ·emergence of ~phod ius sp. 
i n January. The synchrony of the emergence in this 
species was described by Evans (194la) and Mar tyn (1950) 
and it has been suggested that a stimulus , such as heavy 
rain, i nitiates this process. Swarming of breeding adults 
soon after emergence has been documented for other species 
of scarab beetles in Australia (Morgan 1977) and may 
account for the high densities o f Aphodius at Cradoc in 
January . A transect of 10 quadrats at 10 m intervals 
across a pasture at dusk on 18 January 1979 revealed an 
average of 18.4 ~ 2 . 9 beetles per m2 . On a similar 
transect on 23 February 1979 , the density of beetles was 
reduced to 1.4 + 0.8 beetl es . Ch a nges in insect ava i lab-
ility a r e thus reflected in c h a ng e s in the ir volume and 
frequency in the scats of quolls . 
Twelve scats collected from quolls in Presser ' s 
Forest, northern Tasmania , dur ing Janua r y 1980 all 
contained large volumes of Aphodius. In comparison, only 
fi ve ( 55 . 5%) of the nine scats collected in June- July 1980 
contained chitinous insect fr agments . Thus beetles became 
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an important item in the diet during January in response 
to -rne1r seasonal availabi 1 i ty, a similar situ at ion to that 
of quolls in southern Tasmania. 
A comparison of pitfall contents, iuadrat 
analysis and the composition of scats revealed that 
several types of invertebrates were abundant in the Cradoc 
study area but were not found in the scats (Table 2.12) . 
Amphipods, isopods and slugs were found in many quadrats 
and pitfalls but not recorded in the faeces , 
Spiders and ants, although also common , were rarely 
eaten . Although slugs occurred in the woods and pastures, 
amphipods, isopods, ants and spiders occurred in greater 
numbers in the woods than in the pastures. Their small 
size and distribution may both have contributed to the ir 
low frequency or absence in the diet . There was a 
positive correlation between the frequency of occurrence 
of those invertebrates which were found both in scats and 
in pitfalls (rs=0.73, N=8, p<0.05), and scats and 
quadrat s (rs=0.81, N=B, p<0.01). 
2.3.4.3 Vertebrates 
Vertebrates occurred in a total of 143 scats 
(26.5%) and represented 18.2% of the total volume (Fig . 
2.30). Of the 143 scats, 88 (61 . 5%) contained mammals 
(fur , bits of bone or teeth), 53 (37 . 0%) contained birds 
(feathers or bone fragments) and 2 (1.3%) contained 
amphibians (whole or fragmented bones or teeth). There 
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Table 2.12 A comparison of the frequency of occurrence 
of invertebrates in eastern quoll scats, pitfalls and 
transect quadrats in the Cradoc study are a. Scats we re 
collected from August 1978 to January 1980. Pitfall and 
quadrat analysis were based on monthly samples from 
September 1978 to August 1980. N =number of samples. 
Frequency ( % ) 
Invertebrate's Scats Pi t falls Quadrats 
(N=539) (N=480) (N=240) 
Oligochaeta 2.6 2.9 7.5 
Arnphipoda 0 58.9 20.0 
Isopoda 0 4.4 9.6 
Chilopoda 0 3.1 0.4 
Diplopoda 0 l. 0 0 
Coleoptera: 
mature 56.3 12.7 12.l 
larvae l. 7 2. 3 5.4 
Lepidoptera: 
larvae 82.0 17.9 32.0 
Ephemeroptera l. 2 0 0 
Orthoptera 0.7 0 0.4 
De rmaptera 0.4 0 0 
Diptera 0.5 1. 7 0 
Blattodea 0 . 4 0.2 0 
Araneae 1.1 14.8 5.4 
Scorpiones 0 o.6 0.4 
Hymenoptera: 
Formicoidea 2.0 31. 9 40. 0 
Ichneumonoidea 0 l. 0 0 
Herniptera 0 0.4 0 
Gastropoda: 
slugs 0 11. 7 97.9 
snails 0.4 0 2.1 
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were significantly more scats containing mammals than 
birds ( x2=8.68, df=l , p<0.01) . Vertebrate remains were 
found in 81 scats collected from 46 males and 62 scats 
collected from 38 females. There was no significant 
difference between the sexes (x2=0.02, df=l, p~0. 90 ). 
Of the 81 scats from males, 51 (62.9%) contained mammals 
and 30 (37.1 %) contained birds. Of the 62 female scats, 
37 (59.7%) contained mammals, 23 (37.1 %) contained birds 
and 2 (3.2%) contained a mphibians. There was no 
significant d if ference between the sex es in the proportion 
of mammals or birds in the diet (x2=0.02, df=l, p>0 . 90 ). 
Vertebrates were not found in the scats of all 
individuals; only 84 of the 167 quolls whose scats were 
analyzed were found to have consumed vertebrate prey. As 
a different number of scats wa s analyzed for each 
individual, detailed comparisons between quolls in their 
tendency to prey on vertebrates were not possible; 
however , as a r ough indication of the var i ation between 
individuals, the many quolls (37 of the 84) were found to 
have vertebrate remains in only one scat. I n contrast, 
six resident females and four resident males were found to 
have eaten vertebrates on morA th~n four occasions , and 
one female on seven occasions . Prevalence towards 
predation of vertebrates may enhance survival of quolls 
particularly during periods of shortages in other 
resources . 
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The species of mammals and birds identified in 
quoll scats are listed in Table 2.13. The manunal s and 
birds known to occur at Cradoc are listed in Table 2.14. 
Small mammal trapping and spotlighting was used to 
determine the relative abundance of species of mammal. 
During 1600 trap-nights of small mammal trapping four 
species were caught: one eastern swamp rat Rattus 
lutreolus, five black rats Rattus rattus, two house mice 
Mus musculus, and two swamp antechinuses Antechinus 
minirnus (one of which was a lactating female caught in 
October 1978). Despite large interference with traps by 
quolls and brushtail possums Trichosurus ~ulpecula which 
resulted in the closure of 321 (20.0%) traps during the 
four trap sessions, trap success was still only 0.78%. 
Low population densities of small mammals may explain 
their low frequency of occurrence (10.2% of all mammals) 
in the diet of quolls. Reasons for the low densities of 
small mammals are not known. 
Except for the two species of bandicoot Perameles 
gunnii and !~oodon obesulus and the rabbit .Q_:i:_yc!:_olagus 
cuniculus, larger mammals were observed infrequently. 
Bandicoots were live-trapped and observed foraging in the 
study area at night. In August 1978, a female brown 
bandicoot I. obesulus with pouch young was trapped and in 
September 1979, four juvenile barred bandicoots P. gunni 
were observed foraging in one of the pas tu res. There were 
thus breeding populations of bandicoots in the Cradoc 
study area which unfortunately evaded sampling. Bandicoot 
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Table 2.1 3 Frequency of occurrence of vertebrate 
remains in scats of eastern quolls in the Cradoc study 
area. 
Mammals 
European rabbit 
House mouse 
Black rat/Swamp rat 
Brown bandicoot 
Barred bandicoot 
Bettong/wallaby 
Swamp antechinus 
Sheep 
Unknown 
Birds 
Superb blue wren 
Starling 
Blackbird 
Total Mammals 
Tasmanian native hen 
Striated pardalote 
Grassbird (?) 
Unidentified 
Amphibians 
Unknown frogs 
Total Birds 
Frequency 
59 
3 
4 
8 
3 
l 
2 
1 
7 
88 
13 
5 
4 
5 
2 
1 
23 
53 
2 
Total Vertebrates 143 
Percentage 
of Scats 
Containing 
Mammals 
67.0 
3.4 
4.5 
9.1 
3.4 
1.1 
2.3 
1.1 
7.9 
61. 5 
Percentage 
of Scats 
Containing 
Birds 
24.5 
9.4 
7.5 
9.4 
3.8 
l. 9 
43 .4 
37.0 
1. 3 
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remains appeared in 12.5% of quoll scats containing 
mammals arnd were second to rabbits as the most frequent 
mammalian prey. It is unknown whethe r adult or juvenile 
bandicoots were selected. 
Rabbit fur and bones were identified in 67.0% of 
all scats containing ma~~al remains and 41. 2% of all scats 
containing vertebrates. It was difficult to estimate 
rabbit density from direct observation due to size and 
c.> heterogerµty of the habitat and topography of the study 
area . Altogether only 11 rabbits were observed at Cradoc 
during the three years and only fiv e rabbit burrows were 
located within the study area. Despite their apparent low 
density the relatively high frequency of occurrence of 
rabbits in quoll scats suggests that either rabbits were 
more plentiful than other mammalian prey specie s , or they 
died at higher rates (possibly due to rnyxomatosis). 
However no dead rabbits were ever found at Cradoc. As 
several quells will feed on one carcase simultaneous ly or 
in succession, the frequency of occurrence of mammals in 
scats , particularly the larger ones , cannot be equated 
with the incidence of predation . In the Cygnet population , 
the percent frequency of occurrence and the percent vol ume 
of vertebrates in quoll scats was significantly greater 
than at Cradoc (percent occurrence: x2=17 .7, df=l, 
p<0.001; percent volume : x2=11.9, df=l, p<0.001 ). This 
was due to a large proportion of rabbits in the scats of 
quolls at Cygnet; rabbits occurred in 38.7% of the scats 
and represented 37.1 % of the volume . In contrast to 
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Cradoc , rabbi ts were more numerous in the disused 
farmlands at Cygnet: 13 burrows were l ocated in the valley 
(about 50 ha) and 5-10 rabbits were seen at dawn or dusk 
on most days . Rabbits provided a large source 
of food, as indicated by the abundance of rabbit remains 
in the scats . 
Quoll hair occur r ed i n almost all scats. I n some 
it represented up to 25% of the volume of the scat . 
Cannibalism, which has been reported to occur among 
eastern quolls (Batey 1907), may possibly account for 
this . In captivity , a female and one of her sons devoured 
a second son when he was about six months old . As the 
circumstances of his death are unknown, behavioural 
abnormalities associated with confinement may have been 
responsible for this event. However, two adult mal es 
which died in captivity were not eaten by their 
associates, nor were dead quolls at Cradoc mutilated in 
any way. Thus, while it is difficult to assess the 
prevalence of cannibalism, it appears unlikely to have 
been common. Quells in captivity were observed to spend 
cons ide r able amounts of time grooming which may account 
for the high frequency of hair in their scats . 
Cows ana sheep which died in the study area were 
scavenged by quells. In November 1980, a calf died in the 
Old House Gully close to a number of maternal dens . Three 
juvenile quolls were observed feeding together on this 
calf during one evening and two adults were observed 
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feeding alone on l ater occas ions . Two cows , one sheep , 
and one calf wer e known t o have died in t he area and would 
have provided a tempor ary food supply . 
The six species of birds identified in quo ll 
scats at Cradoc were ground-nesting or g round- living 
species. The superb blue wren Maluru s cyaneu~ which 
occurred i n 1 3 scats (24.5 % of al l scats containing b irds) 
nests in l ow bushes and tussocks and would be vulnerable 
to predation from the ground. Similarly , the s triated 
pardalote Pardalotus striatus which constructs burrows in 
banks , the little grassbird Megalur us gramineus which 
nests in tussocks and the flightless Tasmanian native hen 
Q.~!_~~nula mortierii can also be attacked o n the ground. 
The occurrence of starlings Sturnus vulgaris and blackbirds 
Turdus merula i n the diet may p o ssibly i ndicate that 
q uells were arboreal predators . The hun tsman spider 
Delena cancerides , which normally occurs under tree bark , 
was also found in quoll scats . However the spider may 
have been caught on , or near, the ground, and the two 
species of bird may have been scavenged, or caught within 
the haysheds where access to nesting o r roosting sites 
would have been facilitated by the stacks of hay bales. 
Al though starlings and blackbirds feed extensively on t he 
ground dur i ng U1e dayt i me , th is behaviour i s unlikely to 
account for their presence in the diet of a nocturnal 
predator. In general , the low incidence of birds in the 
diet, and the preponde r ance of these spec ies being g round-
nesting or ground-living , suggests that quells are not 
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specialized arboreal hunters and therefore do not have 
access to the variety and abundance of species of bird 
observed within the area (Table 2.14). 
Three species of frogs were known to occur in the 
study area; the eastern banjo frog ~irnnodznastes 
dumerili, the brown froglet Ranidella signife£~ and the 
brown tree frog ~itoria ewingii. Although frog calls 
around the cow ponds at night indicated that they were in 
considerable abundance, amphibian remains were found in 
only two scats. Skinks Leiolopisma sp. were frequently 
observed during the day but not found in quoll scats. In 
a population of quolls trapped in Prosser's Forest, 
northern Tasmania, lizard bones (species not identified) 
were found in four of nine (44 .4% ) scats analyzed in 
June-July 1980. It is presumed that the low frequency of 
frogs and the absence of lizards in the diet of quoll at 
Cradoc was a consequence of the unavailability of these 
prey types, or the greater abundance and availability of 
insects. 
2.3.4.4 Vegetation 
Vegetation occurred in the scats of quolls in a l l 
months (Fig.12.31); it represented the second largest item 
in percent frequency of occurrence (66.2%) despite its low 
total volume (12.1%) (Fig. 2.30). Vegetation consisted 
primarily of pasture grasses, both living and dead , herbs , 
clover, blackberry leaves , bracken, ~~~~~yptus leaves and 
Table 2 .14 Mammals a n d birds observed in the Cradoc study area, 1978-1981 . 
Common Name 
Mammals 
Platypus 
Bennett's wallaby 
Tasmanian pademelon 
Eastern bettong 
Brushtail possum 
Br own bandicoot 
Barred bandicoot 
European rabbit 
Swamp antechinus 
Eas tern swamp rat 
Black rat 
House mouse 
Bats 
Feral cat 
Sheep 
Cow 
Species 
Ornithor12xn~b_~~ anatinus 
Macropus rufogriseus 
ThYfogalel31Tiardierii 
Bettongfa gaimardf-~-
fric~~suE_~~ vurpecula 
Isoodon obesulus 
'l?erameles-gunni i 
Oryctolagu s cunicu l us 
Antechinus mlt11mus 
Rattus lutreolus 
Rattus rattus 
-----Mus mu sculus 
(probably several species) 
Pelis catus 
Ovis aries 
--- -- --Bos taurus 
Number 
Observed 
1 
1 
1 
2 
5 
5 
6 
9 
2 
1 
5 
2 
many 
4 
many 
many 
(continued on next page) 
Method 
obs ervation 
observation 
spotlighti ng 
spotlighting 
spotlighting 
spotlighting and live- trapping 
spo tlighting 
observations at dawn and dusk 
l ive - trapping 
live- trappi ng 
live-trapping 
live- trapping 
observations 
live-tr apping 
observation 
observation 
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Table 2.14 (continued) 
Birds (recorded by observation) 
Brown fal con 
Souther n boobook 
Masked owl 
Tasmanian native hen 
Yellow-tailed black cockatoo 
Green rosella 
Eastern rosella 
Welcome swallow 
Black-faced cuckoo-shrike 
Blackbird 
Flame robin 
Dusky robin 
Grey shrike- thr ush 
Satin flycatche r 
Grey fantail 
Superb blue wren 
White- browed scrub wren 
Brown thornbi ll 
Yellow wattlebird 
Yellow-throated honeyeater 
New Holland honeyeater 
Crescent honeyeater 
Strong- billed honeyeater 
Spotted pardalote 
Striated paradalote 
European goldfinch 
House sparrow 
Beautiful firetail 
Common starling 
Dusky woodswallow 
Grey currawong 
Forest raven 
Falco berigora 
Ninox novaeseelandiae 
Tyto-novaehollandiae 
Gallinula mortierii 
Calyptorhynchus funereus 
Platycercus ~aledonicus 
Platyce~ eximius 
Hirundo neoxena 
cora"Clna novaehollandiae 
Turdus merula 
Petroica phoenicae 
Melanodryas vittata 
~olluricincla harmonica 
Myiagra c~noleuca 
Rhipidura fuliginosa 
Malurus cyaneus 
Sericornls frontalis 
Acanthiza pus illa 
Anthochaera paradoxa 
Lichenostomus flavicollis 
Phylido~is novaehollandiae 
~hylidonyris EXE.~Q..~tera 
Melithreptus validirostris 
Pardalotus-punctatus 
Pardalotus striatus 
CardueITS-carduelis 
Passer domesticus 
Emblema----sei1a 
Sturnus vulgaris 
Artamus cyanooterus 
Strepe r a ver sicolor 
Corvu s tasmanicus 
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the seeds of sedges . Although it is possible that some 
vegetation was accidently consumed while hunting larvae 
(Blackhall 1980), the volume of vegetation in scats 
increased when larvae and mature insects were scarce in 
May-July, and therefore it seems likely that it was eaten 
deliberately. 
Blackberries Rubus fruticosus were abundant in 
the study area though their distribution was l argely 
confined to the gullies. From February to May, the ripe 
fruit was found in quoll scats, with the highest 
frequencies occurring in March (Fig. 2.31). There was 
considerable variat ion between individuals in the amount 
of blackberries eaten7 while some scats were almost 
exclusively composed of blackberries, others contained 
only a few skins and seeds. 
2.3.4.5 Earthworms 
Earthworms were found in 14 (2.6%) of all scats 
analyzed and repre sented less than 1% of the total volume 
of scats (Fig. 2.30). Although indigenous earthworms 
(family: Megascolecidae ) occurred throughout the pasture , 
they were apparently not an important food resource . 
Although earthworms of the family Lumbricidae were 
introduced to Tasmania , these were not identified at 
Cradoc . Transect analysis revealed that most earthworms 
on the surface of the soil moved within caste-like tunnels 
or beneath flattened grass. As quolls were not observed 
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to dig while hunting, earthworms which were not visible 
among the grass may not have been 'available'. In 
captivity quolls readily consumed earthworms when they 
were presented in a dish which suggests that the low 
frequency of worms in the diet of quolls at Cradoc was not 
due to low preference for this prey type. Analysis of the 
stomach contents of quolls in northeastern Tasmania showed 
that only two of 31 quolls consumed earthworms (Green 
196 7) • The low incidence of earthworms in the diet of 
quolls suggests that they were not readily available to 
this predator. 
2.3.4.6 Relative importance of food types 
As a measure of the relative importance of the 
four major types of food (insect larvae, insects, 
v ertebrates and vegetation) at Cradoc, the percent 
frequency of occurrence of each food type was plotted 
against the volume of the food type in the scats in which 
these types occurred (Fig. 2.34). Insect larvae were 
generally found in both large volumes and high frequencies 
from August until March. Between April and July, in 
particular, insect larvae occurred infrequently and in 
smaller volumes. Vertebrates, although not eaten 
frequently, were an important food resource on those 
occasions. Vegetation and mature insects were found in 
low volumes but in a wide range of frequencies. Only in 
January during the period of emergence of adult Aphodius 
beetles were insects both common and plentiful in scats. 
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It is thus obvious that , other than vertebrates whose 
importance in the diet was relatively l ow but constant 
throughout the year, other food resources varied in both 
frequency and volume. During the period from April to 
August, thus encompassing the mating season (May-June), no 
single food category was both abundant and commonly eaten. 
2.3.4.7 A comparison of the diet of the sexes and age 
classes of eastern quolls 
The contents of the scats of mal e and female 
quolls were compared to deter mine whether there were 
differences in the diet between the sexes (Table 2.15). 
There was no significant difference between males and 
females in the frequency of occurrence of any of the major 
food categories. 
The contents of the scats of juven iles and adults 
trapped between November-January , 1978-1981, were compared 
(Table 2.16). There was no significant difference between 
the age classes in the frequency of occurrence of the four 
major food categories . Based on ob servations of captive 
animals, the hunting ability of quells is innat e ; without 
prio r experience of insects or instruction from the 
mother, young quolls stalked and pounced on moving 
insects , and hunted independently of the mother and 
siblings . 
Table 2.15 Comparison of scat contents of adult males and 
female eastern quolls in the Cradoc study a r ea. 
Ratio of 
Males to 
Total Males Females Females 
Total Number of Scats 539 270 269 1. 00 
Number of Scats Containing: 
Larvae 450 222 228 0.97 
Mature Insects 302 154 148 1. 04 
Vegetation 357 178 179 0.99 
Vertebrates: 1 43 81 62 1. 30 
Mammal 88 51 37 1. 38 
Bird 53 30 23 1. 30 
Amphibia 2 0 2 
Numbe r of Individua l s 84 46 38 1. 21 
wi th Vertebrates in 
Scats 
00 
rl 
rl 
Table 2.16 Compar i son of scat contents of adult and juvenile 
eastern quolls in the Cradoc study area. Number of scats from 
adults = 38 , Number of scats from juveniles = 58 . Scats 
collected in November- January , 1978- 1981. 
Prey Item 
Insect larvae 
Mature insects 
Vertebrates 
Vegetation 
Percentage of Scats 
Containing Prey Type 
Adu l ts 
73 . 7 
81.6 
34 . 2 
52 . 7 
Juveniles 
77.6 
70.7 
22.4 
62 . 1 
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2. 3. 5 Body weights of eastern quolls 
I f body weight is used as a measure of the 
condition of animals , then decreases may reflect a 
reduction in the availability of food. Body weights of 
adult quolls were found to fluctuate s easonally 
(Fig. 2.35) . Weights of adult males increased gradually 
from January until May each year and then decreased 
markedly during Jun e and July . There were slight 
variations in the amount of weight lost each year . The 
mean weight of males decreased 30.8% from May to August 
1979, 15.6% from May to J une 1980, and 25.2 % from May to 
June 1981. Male we ights decreased slightly though not 
significantly in November- December. 
In comparison, females lost weight twice a year, 
from approximately S eptember to January (with s ligh t 
variations in timing between years) and around t he 
breeding season (May-June ). 
If decreases in body weight were due to reductions 
in food availability then both sexes sho u ld hav e been 
equally affected. The decrease in weight from May to July 
coincided with the time that insect larvae were largely 
unavailable. Although both sexes lost weight at this 
time , the loss by males was much greater than by females 
in all three years . This suggests that factors other than 
just food availability influenced we ight l oss at this 
time. As mating occurs between the miJdle of May and the 
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middle of June, a reduction in weight at this time may 
a l so be due to behaviour related to sexual act ivity. 
As weight loss by f emales from November to 
J anuary coincided with a period of high abundance of 
insect l arvae, it wou l d appear unlikely that food 
shortages were responsible for loss of weight . The high 
metabolic demands of late lactation (Green and Eberhard, 
in press) may have contributed to reductions in the fat 
storage of fema les in early October before weaning of the 
young. However, the low weights of femal es during 
November-December, at the t i me that population density was 
greatest, suggests that juveniles were e i ther competing 
with females for food o r interfering with the feeding 
patterns o f females and thereby e f fectively reducing 
female food consumption. The constant growth of j uveni l e 
quolls during October-January suggests that juveniles were 
able to obtain adequate amounts of food . During the 
breeding season , the pattern of weight loss of the 
juveniles (now mature adults) was similar to that of 
adults . 
2.3. 6 Competitors and predators of quolls 
Two possible competitors of eastern quolls in the 
Cradoc study a rea were barred bandicoots Perameles gunnii 
and brown bandicoots Isoodon obesulus. A study of the 
ecology of these two species in northern Tasmania reveal ed 
that invertebrates we r e the primary food items (Heinsohn 
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1966) . Earthworms were the main food type during the wet 
months of the year (winte r) while insects , ma inl y 
lepidopteran larvae and adult beetles , were the main type 
during the dry season (summer). If bandicoots in southern 
Ta smania had a diet similar t o those in northern Tasma ni a , 
then there was a large dietary overlap between band icoots 
and quolls particularly during summer. Due to the high 
density of quoll s at Cradoc a nd their trap-happy 
behaviour , only two brown bandicoots were caught in the 
study area from July 1 978 to J une 1981 , and no scats were 
d eposited in t he traps . Compa risons of the diet of 
bandicoots and quolls at Cradoc was therefore not 
possible. Nor , d ue to the relative ly few sightings of 
bandicoots , was it possible to assess the density of the 
popu l at ion of brown or barred bandicoots . As bandicoots 
hunt primarily by d i gg ing small conical p its into which 
they push their snouts while seeking grubs or worms , 
differences in feeding behaviour between peramelids and 
dasyurids may have reduced possible competition between 
these species. 
Al though tiger quol ls and Tasmanian devils d id 
not occur at Cradoc , both species we re found to be 
sympatr ic with quol l s in northern Tasmania (for example , 
Prosser' s Forest , Table 2.2b) . Pre liminary ev i dence f rom 
diet analys is of animals in Prosser ' s Forest suggests tha t 
eas tern quoll s prey primar i ly upon insects while tiger 
quolls prey mainly on vertebrates . Di ffe rences in prey 
selection may p·-c...lvdt! competit i on betwe en the two species in 
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areas where they both occur. Competition between these 
species may also be reduced by differences in their modes 
of hunting; the ridged footpads of tiger quolls suggest 
that they are arboreal when stalking and approaching prey 
(Settle 1978) whereas the granu l ated pads of eastern 
quolls suggest they hunt primarily on the ground. Scats 
collected from tiger quolls i n New South Wales during the 
summer contained insects only (Settle 1 978); it was 
suggested that tiger quolls were opportunistic in their 
predatory habits. Competition between tiger quolls and 
eastern quolls may therefore occur and is a subject worthy 
of investigation. Tasmanian devils are primarily 
scavengers (Guiler 1970); it is unlikely that they are 
either competitors or predator s of quolls. 
Possible predators of quolls at Cradoc were fera l 
cats Felis catus, common tiger snakes Notechis scutatus, 
masked owls Tyto novaeholl?ndia~, domestic dogs Canis 
familiaris and man. Four feral cats were trapped at 
Cradoc during the study and one large male, which was 
trapped on nine occasions , was thought to be a resident . 
Only two scats we re obtained from trapped cats and both 
contained rabbit fur and bones. A study of the diet of 
feral cats in south- eastern Australia revealed that the 
principal prey items of cats were European rabbits 
Oryctolag_us cuniculu s and house mice Mus musculus; a wide 
variety of native mammals were also eaten ranging from 
small species such as planigales Plani~~ s p . , pygmy 
possums ~~£._c:_~rtetus nanus and feathertail gliders 
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Acrobates pygmaeus to l a r ge species such as mountain 
brushtail possums Trichosurus caninus and long- nosed 
bandicoots Perameles nasuta (Jones and Coman 1981) . It 
seems likel y that quolls , particular l y juveniles , ma y have 
been preyed upon by fera l cats. Tiger snakes were 
frequently sighted in the study area and one snake , which 
was approximately one metre l ong, was known to inhabit the 
Old House Gully , a region where many juvenile quolls were 
trapped. The diet of the tiger snake is known to include 
frogs , mice , birds and l izar ds (Gow and Swanson 1977 ) ; 
Heinsohn (1 966) suggested that bandicoots may also b e a 
prey of tiger snakes . The possib le effect of snakes on 
mor tality of y o ung quolls is unknown. Masked owls , wh i ch 
are known to feed on rabbits, may a l so have preyed on 
quolls though only one owl was sighted during the study. 
The effect of dogs and man on quoll mortal ity is also 
unknown. On several occasions, mounds of earth which were 
known or suspected of containing quoll dens were 
bulldozed; this may have caused the deaths of the 
occupants though there was no noticeable depletion in the 
residents trapped after these incidents. Occasionally 
quolls in the study area were found as road kills . In 
o ther parts of Tasmania , quolls were known to be shot , 
snared or killed by dogs , usually when they approached 
human habitation , and more particularly, chicken coops . 
As quoll skins are not commercially des i rable, this 
species has been spared the pressure of the fur trade . 
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2.3.7 Summary of results 
l. In Tasmania, eastern quolls were found to be most 
abundant in habitats where sclerophyll forests and pasture 
were interspersed. 
2. Although females are polyoestrous during the 
annual breeding season (May-July), the synchrony of births 
during June indicated that females, at least at Cradoc , 
normally conceived young on their first oestrus. 
were sexually active only during winter. 
Males 
3. The lifespan of quolls at Cradoc was approximately 
three to four years. Most breeding adults each year were 
one yeur of age . Females which survived beyond their 
second breeding season were found to have reduced 
reproductive success. 
4. Most females in their first and second seasons 
reared five or six young. Survival of young while in the 
pouch and den appeared to be high. Reduced survival of 
young of these ages occurred during the year of high 
population density. 
5. Although juvenile mal es dispersed at higher rates 
than juvenile females in the first few months afte r 
weaning, there was no difference in the perce nt survival 
of the sexes by their first breeding season. The lowest 
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rates of juvenile survival occurred during the year of 
high population density. 
,.. 
o. Most residents consisted of animals born into the 
population; recruitment of immigrants occurred at low 
rates each year . 
7. There were slightly more males than females at 
Cradoc over the three year study. There were however 
fluctuations in the sex ratio on a seasonal basis with a 
trend towards greater numbers of males in the population 
during the breeding season and greater numbers of females 
during the summer. Fluctuations in the sex ratio 
reflected differences in the survival rates of the sexes 
at different times of years and tempora ry seasonal 
influxes of non-reside nts. There was no significant 
difference in the number of males and females as pouch 
young or as juveniles immediately after weaning (October-
November). 
8. Survival rates were low at two times of the year, 
during the breeding season and during summer when 
population density wa s greatest . 
9 . Scat analysis indicated that quells were 
general ized and opportunistic feeders relying primarily on 
insect larvae. Fluctuations in the percent frequency and 
volumes of food items between seasons and between areas 
reflected their seasonal exploitation of local resources . 
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10. Insect larvae occurred in higher frequencies in 
the diet in 1 979 than in 1980. This corresponded to the 
year of high survivorship of quolls at Cradoc . 
11. Body weights of males decreased markedly over the 
breeding season; this coincided with the period of 
greatest male mortality. The greatest decrea se in female 
weights occurred during summer after weaning was complete 
and when population density was greatest. Juvenil e 
weights continued to increase during summer and reached 
their maximum at the time of thei~ first breed ing season. 
12. Inadequate information was available to determine 
the possible effects of competi tion or predat ion on the 
survival of quolls in the Cradoc study area. 
2.4 Discussion 
The large population at Cradoc showed that 
eastern quol ls may occur in high densities in Tasmania in 
habitats where sc lerophyll forests and pasture are 
interspersed. The high trap success of animals at Cradoc 
facilitated an analys is of the structure and dynamics of 
the population and the relationship between demography, 
reproduction , survival and diet . 
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2.4 .1 Survival and reproduction 
Eastern quolls at Cradoc were found to live for 
up to four years of age. Only six females and two males 
were known to have lived for more than three years and 
only one female for at least four years. Parasites such 
as the larvae of the flea Uroosylla tasmanica , fc,r which 
, ,, 'l.""''tfs 
infestationsf were greatest during May-June when food 
resources were the least abundant , may have contributed to 
reducing the fitness of older animals (Section 2.3.2.1). 
Qualls on the mainland of Australia also appeared to 
suffer from Ur~12_sylla larvae ; Fleay (1935) described 
animals in Victoria as supporting " a host of parasites " 
and having "open sores infested with fly larvae", this 
being an apt description of Uropsylla damage. Batey 
(1907), in discussing the fluctuating densities of eastern 
quells in Victoria from 1846 to 1875, commented ''at 
various intervals they seemed to be infested with a 
burrowing maggot which brought them almost to the verge of 
extinction". However, as it was not until 1875 that 
quolls became rare in the Sunbury district (Batey 1907) , 
it is unlikely that the seasonal effect of UrOJ2.~ lla 
caused the demise of quolls in this area. Infestations of 
flea larvae, whic!t were observed to be much more severe in 
older animals at Cradoc, may have contributed to a 
reduction in the number of animals in their second and 
third breeding seasons . 
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Although, in captivity, eastern quolls have been 
found to live up to seven years (Collins 1973 ), a captive 
male in the present study died at three years and eight 
months of age with cataracts in both eyes , ear and gum 
infections, and paral ysis developing in the hind legs. It 
thus appears that longevity of three to four years in 
eastern quolls is not solely due to the rigours of the 
wild. Other species of Dasyurus have been recorded to 
have a simi l ar l ife span; in captivity Q· macu l atus and D. 
albopunctatus have been reported to live three to four 
years (Collins 1973). Northern quolls , D. halluca tus i n a 
populat i on in the Northern Territory, Australia , were 
found to live for approximately three years; no males were 
found to breed for more than two years though a few 
females survived to breed for three years (Begg 1981). 
The short life span of eastern quolls was 
ref lected in the age structure of the population; 50% or 
more of the breeding adults each y ear were animals which 
had been born U1e previous year. Because the surv i val 
rates of cohorts between successive breeding seasons 
varied considerab l y (Table 2. 7 ) , this study was not long 
enough to determine a general pattern of adult 
survivorship . Only in the breeding season of 1980 were 
the ages of most animals in the population known. Of the 
36 breeding adults of known ages , 24 (66 . 6%) were breeding 
for the first time , 8 (2 2.2 %) were in their second 
breeding season and 4 (11.1 %) were in the i r third (or 
possibly fourth ) season . This indicated that the 
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reproductive strategy of eastern quells tended toward high 
effort during the first breeding season. In addition to 
the lower survival rates of females by the time they were 
three years old, r educed litter size, f ailure to produce a 
litter and tendency to lose pouch young indicated that 
diminished reproductive success was associated with 
animals of three or more years of age. As females in 
their first and second seasons normally produced five or 
six young in each litter, high r ates of recruitment of 
juvenile females may have ensured high r eproductive 
success. 
As quolls have only one breeding season a year , 
superovulation and polyoestrus may act as safeguards 
against reproductive failure. Hill (190 0 ) proposed that 
superovulation in female quells was a r elict condition 
during the evolution of intrauterine embryo- genes i s and 
an indicat ion of the primitive condition of marsup i als 
compared to eutherians. However , as superovulation has 
been described in some euther ian species such as the 
plains viscacha Lagostomus maximus (Weir 1971; Weir and 
Rowlands 1973) and several species of elephant shrews 
(Tripp 1971), superovulation may represent a selected 
character (Fletcher 1977). The production of 
supernumerary young has been recorded in many spec ies of 
dasyurids (Hill and O ' Donoghue 1913; Woolley 1966 ; Cuttle 
1982; Hughes 1982); its function in increasing the 
probability of large litters may be important for these 
seasonal br eede rs. At Cradoc however, only one female was 
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found to have produced young on a cycle other than her 
first, assuming that she did, in fact, enter a first 
oestrus at the same time as all other fem a les. In New 
South Wales, birth dates of quolls were found to have a 
bimodal distribution (Tyndale-Biscoe , in press), which 
suggests that this mechanism may have natural significance. 
The high degree of synchrony of births at Cradoc indicated 
that in large populations, females are normally 
impregnated on their first oestrus. 
Survival rates of young while in the pouch and 
den were found to be high for the 1978 and 1979 cohorts. 
During high population densities in 1980-1981, the 
survival of the 1980 cohort was reduced. Three femal e s 
which bred for the first time in 1980 lost their pouch 
young; in the previous year, only one old f e male was known 
to have lost h e r young. In addition, the surviva l rate of 
the young while in the den was lower for the 1980 cohort 
than both previous years and t11e rates of dispe rsal {or 
mortality) of this cohort wc:rr: higher than the 1978 and 
1979 cohorts. During the summer of 1980-1981, there were 
also low rates of survival of other cohorts; only 33.3% of 
the 1979 cohort survived to its. s e cond breeding se a son 
whereas 66.6% of the 1978 cohort survive d to its second 
during the previous year (Table 2.7). Th ere are at least 
two possible reasons for low survival r ates of quolls 
during the summer of 1980-1981; either food resources were 
limiting or the high population density experienced in 
1980-1981 adversely affected survival due to behavioural 
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factor s . Scats analyzed in Octobe r 1980 and January 1981 
revealed l arge volumes of l arvae (Fig. 2.31) suggesting 
t hat larvae were abundant at this t i me . Although this 
suggests that behavioural mechanisms may have influenced 
survival rates, the complex relat ionship between food 
abundance, population density and competiti on r equires 
fur ther investigation . 
2. 4. 2 Sex ratios and survival 
Although there were slight diffe r ences between 
the sexes in the rate of dispersa l of juveniles during the 
first few months a fter weaning, the proportion of males 
and females which survived to the firs t breeding season 
was approximately equal. Although, in total, more males 
were trapped at Cradoc than females, there were seasonal 
fluctuations in the sex ratio with greater numbers of 
males d ur ing the breeding season and greater numbers of 
females during the summer . Statistically there was no 
difference bet\veen the number of males and females i n the 
popu l ation each month except during June 1979 when there 
were significantly gr.cater numb e r s of males. The findi ng s 
of this study differ with the observations made of the sex 
ratio of quolls in other populations (Table 2. 17 ). Fleay 
(1940 ) claimed that in western Victoria "mal es outnumbered 
females in the proportion of about 10 t o l". As no 
mention was made of the time of year that animals were 
sampl ed , the age of the u.nimals , the method of sampling 
nor the sample size, it is difficult to determine whether 
Table 2. 17 
Victoria . 
Site 
(See Tab l e 
2.2a) 
C:r.adoc 
( southern 
Tasmania) 
Cygn et 
(southern 
Tasmania) 
Lower 
Cr adoc Hill 
Near 
Buckland 
(south- east 
Tasmania ) 
Near 
Judb ury 
(southern 
Tasma ni a ) 
The sex ratio of eastern quol l s in di fferent localities in Tasmania and 
Collector Date Age of Animal Number. of Number of Ratio of 
Ma les Females Males to 
Females 
-~----~~~~---
J . Gods e ll July 1978 - Adults + 152 117 l. 3 
June 1981 Juveniles 
June- Augus t Pouch young 56 44 l. 3 
1978-1981 of 19 litters 
J. Gods ell Nov 1978 - Adult s + 12 9 l. 3 
Oct 1979 Juvenil es 
J. Godsell Nov 1980 Adu lts + 3 8 0 .4 
Juveni l es 
J . God sell July 1979 Adults 8 4 2 . 0 
Nov 1979 Adults + 2 3 0 . 6 
Juveniles 
J. Gods ell July 1979 Adul ts 6 1 6.0 
(continued next page) 
Table 2.17 (Continued) 
Site Collector Date Age of Anima l Number of Number. of Ratio of 
(See Table Males Females Males to 
2.2a) Fema les 
----- ·-~--------·--· --·-- - ·--~-------------
Prosser's J. God sell Jan- J u ly 1980 Adult s + 8 10 0 . 8 
Forest Juveniles 
( northern 
Tasmania) June-July Pouch young 6 9 0 . 7 
~ 1980 of 3 litters (Y) 
rl 
Lonnavale J. Merchant July 1979 Adults 17 3 5 . 6 
( southern (pers. 
Tasmani a ) comm.) 
Gladstone Green July 1964 Adults 36 13 2.8 
(north- (1967) 
easter.n 
Tasman i a ) July 1964 Pouch young 19 34 0 .6 
of 14 litters 
Dreeite Fleay ? ? ? ? 10 . 0 
near Lake (1940) 
Corangamite 
(wes ter n 
Victoria ) 
Dreeite Fleay Jun e 1932 Pouch young 4 10 0 .4 
(Victoria ) (1935) o f 2 litt e r s 
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this imbalance in the sex ratio was meaningful. In north-
eastern Tasmania, Green (1967) collected 49 eastern quolls 
using poison bait in July 1 964 ; 36 were males and 13 were 
females . As there tended to be more males than females in 
the Cradoc population during May-July due to a temporary 
increase in non-resident males, it is possible that the 
large ratio of males to fe males in Green's (1967) study 
reflected similar changes in population structure . 
Populations sampled in Prosser ' s Forest (northern 
Tasmania) over seven months , and nea r Cygnet (southern 
Tasmania) over twelve months, were found to have 
approximately equal sex ratios . Where estimates of sex 
ratios were based on short sampling periods, there were 
greater imbalances in the sex ratio than when studies were 
conducted over several months. Differences in the numbers 
of males and females in populations sampled once during 
the breeding season, o r during the summer whe n juveniles 
were trappable may reflect seasonal changes in population 
structure similar to that found at Cradoc. Fluctuations 
in trappability may also account for errors in assessing 
sex ratios based on single samples . In addition , due to 
differences in the mobility and dispersion patterns of the 
sexes (Section 3.3.1), the method of sampling may also 
influence the observed sex ratio . 
As there was no significa nt di ffer ence in the sex 
ratio of pouch young (Table 2 .17) or i n the ratio of 
juveniles when first trappable in November , changes in the 
relative numbers of males and f emales throughout the year 
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reflected differential rates of dispersal , differences in 
survival of juveniles and adults , and the temporary 
effects of immigrating non-resident quolls. The trend 
towards greater numbers of females in the population 
during summer was a consequence of the higher rate of 
dispersal of juvenile males after weaning. Dead juveniles 
were not found in the study area, so dispersal is presumed 
to have been the principal cause of juvenile loss. 
Despite considerable effort trapping in areas peripheral 
to the Cradoc study area only two marked juveniles were 
retrapped ; both were males of the 1979 cohort and were 
caught approximately two km from Cradoc. One juvenile 
male of the 1978 cohort was found as a roadkill 
approximately six km from Cradoc and another juvenile ma le 
of the same cohort appeared_ in the Cygnet population , 
about five km from Cradoc, in March 1979; he then became a 
resident in this population. Dispersal of juvenile 
fe~ales occurred at a slower rate than that of males 
causing a n imbalance in the sex ratio; a similar pattern 
of dispersal was recorded in northern quolls ~asyurus 
hallucatus during summer (Begg 1981). 
2. 4. 3 Diet and Survival 
A comparison of the scat contents from different 
populations and from different months within a single 
population indicated that quolls were opportunistic and 
generalized feeders. Although insects represented the 
major food resource, quolls also preyed upon small 
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vertebrates, scavenged l arger mammal s when ava ilable and 
ate seasonally abundant fru i ts . Although a similar range 
of f ood items were consumed by quolls living in different 
areas of Tasmania , the proportions of specific items in 
the diet r eflected l ocal differences in the abundance o r 
availability of each item. Thus, fo r example , rat-tailed 
maggots were a major resource for quolls foraging along a 
marshy creek (Cygnet populati on ) whereas armywor ms and 
cor b ie grubs wer e the more impor tant l a r val species for 
quolls foraging in pastures (Cradoc population). Rabbi ts , 
though eaten by quol l s in both populations , were more 
common in the scats of an imals i n the Cygnet area where 
the density of rabbits was higher . 
Although vertebrates occurred in the scats in low 
but constant frequencies throughout the year, insects 
fluctuated in availability with peaks in abundance in 
summer. This coincided with the time that juveniles were 
being weaned. Evolution of mating in winter, such that 
l a ctation and weaning occurred in summer when insects are 
most ab undant , has been proposed to be a r eproductive 
strategy of many insectivorous dasyurid s (Lee et al . 
1982). It was suggested that the evolution of a single 
breeding season each year and t he inability to breed in 
the year of birth , resulted from the short period each 
year su i table for reproduction in most Australian 
environmen ts . By timing reproduction so that lactation 
and weaning occur when food abundance is maximal , juvenile 
surviva l rates may be enhanced ; in addition weights of 
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juveniles may be able to approach those of adults before 
insect abundance declines (Lee et al. 1982). A study of 
estimated food consumption of quoll s based on the rates of 
water and sodium flux (Green and Eberhard, in press) 
showed that rates of metabolism and prey consumption were 
higher for females in late lactation (October ) than for 
nonlactating females during that period, or for quolls at 
any other time of the year. As late lactation is thus the 
period of greatest maternal investment, there would be 
considerable advantages for lactation and weaning to 
coincide with peak insect abundance. The single short 
synchronized breeding season of quells in Tasmania, with 
late lactation occurring at the time of increased insect 
abundance, suggests that the pattern of reproduction in 
this species evolved in predictable though seasonal 
habitats in response to a largely insectivorous diet . 
Increases in j uveni le weights until May indi cated 
that the timing of weaning in lat e October was 
advantageous for their growth; females attained adult 
weight by the mating season in May and although males born 
the previous year had significantly lower weights than 
males which were greater than one year old , weights of all 
males exceeded 1.2 kg at this time. The continuous growth 
of juveniles during November- January suggests that 
juveniles recruited into the population were able to 
consume enough food to maintain growth. A comparison of 
the diets of adults and juveniles revealed that juveniles 
were eating similar kinds of foods tc adults shortly after 
weaning. 
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Weight loss and lowered survival r ates of adult 
fema l es in November-December , although possibly a response 
to the energe ti c demands on them during l a te lactation 
(September-October), may have reflected interference 
competition in feeding when population densities were high 
in summer. Increase s in the number of non-r esident adul t 
females trapped in the population at this time suggests 
that adult females in other regions were subjected to 
similar pressures . 
During winter , decreases in the survival rates 
and weights of adult males coincided with a decrease in 
the volume and frequency of occurrence of insect larvae in 
the diet . At this time, the major species of moth larvae 
occurring in quoll scats had completed emergence and were 
low in abundance . Green and Eberhard (in press) found 
that quells had high rates of water influx during winter 
(July) , which they believed were associated either with 
thermogenesis, increased prey consumption or increased 
water intake associated with predation under wetter 
conditions7 on the basis of rates of water influx, 
metabo lic rates of quells were ca l culated to be h igh 
during winter. Th e small volumes of insect larvae in 
scats collected ~uring winter in this study suggests that 
it is unlike ly that increased prey . consumption was 
responsible for high rates of water influx. Weights of 
ma les which had increased over summer to a maximum in May, 
dropped on average 24% between May and July . Female 
weights decreased only slightly during thi s period , though 
- 140 -
the decrease was not significant due to large individual 
variation in weights. A total of 27 males disappeared 
from the population between May and August in the three 
years (1978, 1979, 1980) and, during this same period, 
nine quolls were found dead in the study area, all of 
which were males. If food shortages alone were 
responsible for the mortality of quolls at this time then 
both sexes should have been equally affected unless they 
exploited different kinds or sizes of prey . Despite 
sexual dimorphism in eastern quolls, there was no evidence 
from scat analysis that the sexes hunted different types 
op sizes of prey as has been described for a variety of 
mustelids (Brown and Lasiewski 1972; Erlinge 1979, 1981 ; 
Moors 1980) . Differences between the sexes in survival 
rates and weight loss during winter may therefore be due 
to other factors, such as breeding behaviour, acting in 
combination with limited availability of a major food type. 
Concurrent with the breeding season was an 
increase in the number of non-resident males in the 
population. As all resident males were sexually mature 
during the breeding season, an increase in non-resident 
males would have increased competition fo r oestrous 
females and increased the possibility of social conflict. 
Decreases in survival rates of ma~es during the breeding 
season has been described for various species of murid 
rodents (Krebs and Boonstra 1978; Beacham 1980) and 
sciurid rodents (Rusch and Reeder 1978) and have been 
associated with increases in the number of immigrant or 
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non-resident males. Increa ses in the number of non-
r esident mal es in populations of Antechinus stuartii 
during the breed i ng season (Wood 1970 ) we~ re lated to 
general changes in movements , behaviour and spacing 
patterns of males at this time (Braithwaite 1973). 
Similar behavioura l changes in male quol ls during the 
breeding season will be discussed in Chapter 3. 
Fluctua t ions in population densities o f quolls 
f r om year to yea r at Cr adoc may have been to be associated 
with the abundance of food resources. Tne high survival 
rate of the cohort born in 1979 to the b r eedi ng season in 
1980 coincided with significantly highe r volumes of 
lepidopteran l arv ae in quol l scats . Reasons f or 
fl uctuating densities of larvae r e quires inves tigation; 
climatic differences between years suggests that the drier 
winter of 1 978-1 9 7 9 may h ave contributed to the abundance 
of l arvae in the summer of 1 979. 
If differences in population density between 
years is due to the r e l ative abundance of l arv ae , then 
differenc es in the trap succe ss of quol ls between 
d ifferent habitats in Tasmania may r eflect the relative 
abundance of t hi s prey type . As larvae occur in high 
densities in pastures , particu l arly those under constant 
cultivation , high densit i es o f quolls in a r eas where 
eucalypt for ests and pastures are interspersed may 
represent an opt imum combination of refuge and food 
resources. 
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Chapter Three 
HOME RANGE AND SPATIAL ORGANIZATION IN EASTERN QUOLLS 
3.1 Introduction 
The first step to understanding social 
organization in a population is to determine the patterns 
of space use of the individuals within it. lm assessment 
is required, not just of the size and shape of the home 
range, defined by Burt (1943) as the area traversed by an 
individual during its normal activities of food gathering, 
mating and caring for young, but also of the distribution 
and intensity of activity throughout the range. For 
small, inconspicuous or nocturnal species which are 
generally difficult to observe directly, the home range 
must be estimated from the sites of recapture while 
livetrapping, from the locations of an animal determined 
by radio telemetry, or from the use of indirect markers 
such as the location of faeces or urine, possibly labelled 
with radio isotopes (Sanderson 1966). Although a variety 
of methods of analysis are available for estimating home 
range size from these techniques (for reviews see: 
Sanderson 1966; Van Winkle 1975; Macdonald et al. 1980; 
Trevor-Deutsch and Hackett 1980; Voigt and Tinline 1980), 
the estimates produced by different methods can vary 
considerably and can thereby influence possible 
conclusions drawn, for example, about the area needed to 
support an animal {McNab 1963) or the nature of social 
relationships between animals in the population based on 
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the extent of home range overlap. In choosing a method of 
analysis, cons i deration must be given therefore to the 
assumptions of the method of analysis and possible 
limitations in its use given the technique by which data 
were collected (Macdonald and Amlaner 1980). 
Radio telemetry was the primary method used for 
examining the space use patterns of quolls at Cradoc. By 
radio tracking groups of animals simultaneously, an 
assessment could be made of the interrelationships between 
adult male and fema le residents during their nightly 
activity, in addition to an examination of habitat use and 
foraging patterns. As the spatial organization of ma ny 
mammalian species has been associated with the di spe rsion 
of their food resources (Jarman 1974; Kruuk 1975; 
Clutton-Brock and Harvey 1977), i t may be expected that 
seasonal flu ctuations in insects, the major p r ey item of 
quolls , influenced space use patte rns of residents . 
Similarly, the single annua l breeding sea son , known in 
smaller dasyurids such as the brown antechinus Antechinus 
~~~~tii to be associated with major charges in spacing 
behaviour, particularly in males (Braithwaite 1973) , may 
also have influenced space use patt e rns in quolls . 
Consequently, in addition to a general assessment of 
spatial relationships between quolls , an e xaminat i on was 
made of seasonal changes in home range patte rns . 
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3. 2 Methods: 
3.2.l Radio telemetric equipment 
Two receivers, eight transmitters and two Yagi 
antennae were purchased from A.V.M. Instrument Company. 
Each transmitter weighed approximately 30 g which 
represented 2.5% of the mean body weight of males and 3.5% 
of the mean body weight of females (Fig. 3.1). Each 
transmitter contained a crystal oscillator which produced 
continuous pulsed signals. Although each transmitter had 
a slightly different pulse rate (between 30 and 70 beats 
per minute), each was set at a different frequency 
(between 150.842 to 151.142 MHz). Frequencies were 
approximately 25 kHz apart and were received on separate 
channels on a 12-channel receiver. 
Five transmitters were adapted to monitor animal 
activity. A mercury switch, connected to the primary 
transmitter, was responsible for the addition of pulses to 
the normal pulse rate when the transmitter was shaken. 
The number of extra pulses per second reflected the level 
of activity of the animal. 
The transmitting antenna · consisted of a metal 
loop which was covered in pldstic and formed the collar. 
The transmitter and lithium battery were embedded in 
dental acrylic. A magnetic switch within the assembly 
allowed the battery to be 'disconnected ' from the 
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Fig. 3.1 A male eastern quoll wearing a radio trans-
mitter . 
Fig. 3.2 A receiving antenna situated on a hilltop 
in the Cradoc study area. 
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oscillator circuit when not in use. The average life of 
the 2.7 volt lithium battery was approximate ly four months . 
The maximum distance that a radio signal can be 
rece ived depends on a) power output, b) sensitivity of t he 
receiver, c) height of the receiving antenna , d) h e ight of 
the transmitter , e ) transmitter antenna configuration, 
f) topographical features, g) ambient temperatu re, and 
h) type of ground (Beatty and Swapp 1978). While 
topography was one of the major factors influencing the 
range of the r adio signal in this study, transmitters 
which were up to two km away but in line - of-sight of the 
receiving antenna were detected (Fig. 3 . 2). 
The effect of the collars on the behaviour of 
quells was examined in captivity. Snugness of fit was 
important as animals spent considerable effort trying to 
remove their col lars. Collars which were too loose were 
dislodged or the animal ' s forepaws became snagged. Skin 
abrasion to the necks of quells occurred when collars were 
too tight; similar problems have been reported for 
striped skunks Mephitis mephitis (Sargeant 1980) . As 
weights of quolls fluctuated s easonally (Fig . 2.35) 
animals were retrapped regularly to check col l ar fit. The 
worst incidences of skin abrasion- occurred during one 
month of wet weather during the winter of 1981. It 
appeared that the skin beneath the plastic collar was 
unable to dry and became irritated and raw . As it has 
been suggested that weight loss refl ects an unsatisfactory 
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transmitter-collar design (Macdonald and Amlaner 1980), 
weights of radio collared quolls were checked regularly. 
Quolls were not radio tracked for at least 24 hours after 
their collars were attached as individuals in captivity 
were found to have depressed activity levels while they 
tried to find ways of removing their collars. Similar 
behaviour has been reported for water voles Arvicola 
terrestris (Leuze 1980). 
3. 2. 2 Radio telemetry: data collection 
As I possessed only eight transmitters, 
simultaneous monitoring of all resident animals was not 
possible. Instead groups of up to six animals were radio 
tracked for periods ranging from three weeks to three 
months (Fig . 3.3). 
Radio tracking quolls by following individuals 
was only rarely attempted. As I did not have access to 
night vision equipment , I found that the relatively small 
size of the quoll made direct and detailed observation of 
its behaviour in the field almost impossible; spot-lights 
interrupted the normal mov ements of the animals and 
attempts to get near enough to observe details of their 
movements in moonlight caused animals to flee. 
Most information on animal moveme nts was 
collected by triangulation. Triangulation is a procedure 
whereby the position of a transmitter is calculated from 
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1980 198 1 
Animal A M J J A S 0 N D J F M A M J J 
Number 
076 
075 
Q81 
Q41 
085 
0'446 
Q22 4 
a'422 
0322 
* 0833 
0633 
0822 
Q69 
045 
* Ql33 
0228 
0022 
d447 
0222 
0533 
d1s so 
0114 
c/71 1 
9332 
d'4449 
Q339 
0144 
6:644 
Q29 
Q044 
Q033 
0153 
0996 
Q885 
cIB81 
0778 
01882 
o'99 0 
039 9 
0344 
Fig. 3 . 3 Schedule of eastern quolls radio tracked in 
the Cradoc study area, April 1980-June 1981. 
* indicates animals for which inadequate data was 
collected for home range analysis ; thei r use of dens 
was recorded . 
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the intersect of the bearings taken from two receiving 
antennae. These are ideally situated at right angles to 
the anticipated position of the transmitter. At Cradoc, 
pairs of antennae were situated on hilltops at right 
angles to the regions in which radio collared animals were 
usually trapped (Fig. 3.4). Read ings were taken 
simultaneously from both antennae on a prearranged 
schedule ; the generous services of 23 friends , colleagues 
and volunteers from the Youth Hostel made this method of 
data collection possible. Because it was necessary to 
move antennae from one hillside to another, the antenna 
mast was designed to fit into a portable, fl e xible 
"tripod". A compass disc was fitted to the mast such 
that, by rotation of the antenna, a pointer on the compass 
indicated the direction of the radio signal. The 
orientation of the compass d isc was checked each day, 
before and after nightly sessions, by taking bearings on 
prominent land marks; suspected lead deposits in Cradoc 
Hill made it difficult to deter mine the direction of 
magnetic north. 
Weather, particularly during wint er, and i ts 
effect on obtaining the services of assistants , imposed 
some res traints on data collection. Attempts to 
triangulate on quolls by mov i ng between two antennae 
positions was not successfu l; the movements of quolls 
dur ing the time it took me to reach the second antenna 
resulted in a large number of non-intersecting bearings . 
In total, telemetry read ings were taken o n 117 nights and 
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for 388 hours of monito ring between April 1980 and June 
1981 (Table 3.1). 
Usually groups of six adult resident animals were 
radio tracked simultaneous ly. Juveniles wer e not rad io 
tracked lest they dispersed with one of my few 
transmitters. Readings were taken on each animal every 15 
minutes; this normally meant taking a bearing every two to 
three minutes. Three variables were recorded : 1) the 
peak: the bearing where the signal streng t h was greatest, 
2) the nulls: the bearings on either side of the peak 
where the signal either disappeared or was the most faint, 
3) the pulse rate: a subjective assessment was made of 
the relative pulse rate of the activity transmitters . 
Antenna design greatly affects its directionality and the 
degree to which one can perceive maximum s ignal strength. 
With the Yagi antennae , the peak was often perceived as 
being equally ' loud ' over a 200 arc , or even greater if 
a radio collared animal approached an antenna . As nul ls 
were more easily identified, these were normally used for 
the calculation of the peak. Generally read i ngs commenced 
at dusk and were conducted for three to five hours each 
night. When the weather was good, sessions extended from 
dusk until dawn. On most nights, a break of about a half 
hour to an hour was taken approximately every coup l e of 
hours. In consequence there was considerable variability 
between sessions in the length of time an animal was 
monitored and the continuity in its readings during a 
night. 
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Table 3.1 Number of hours and nights during which eastern 
quolls were radio tracked by triangulation at Cradoc . 
Number of Number of 
Month Nights Hours 
1980 April 6 18 
May 7 20 
June 6 13 
July 7 22 
August 8 24 
September 
Octobe r 7 20 
Novembe r 7 19 
December 10 42 
1981 January 13 52 
February 7 21 
March 11 39 
April 1 0 41 
May 9 29 
June 9 28 
TOTAL 117 388 
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Pairs of bearings were converted to X, Y co-
ordinates by a program written by Mr R. Denson . A 
cartesian axis was superimposed on a topographical map of 
the study area, with the origin in a locality such that 
all co-ordinates were positive numbers. The interval of 
the axes was chosen such that each tenth of an interval 
was identifable on a map of the study area us ed for 
mapping animal locations. This interval was calculated as 
representing 65 m in the field. 
3. 2. 3 Distortion of radio signals 
Errors in the determination of the position of a 
transmitter by triangulation fa ll into two main categories: 
1) System e rror inherent to the r ece iving 
equipment and its operation (Heezen and Tester 
1967). At Cradoc, there were two main factors 
responsib l e for mechanical damage which may have 
affected signal reception: a) the wind which 
twisted the elements of the antennae and b) cows 
which occasionally knocked over the antennae . 
System errors also include those imposed by the 
geometry of triangulation (Macdonald and Amlaner 
1980). With increasing distance between the 
r eceiving antennae and the transmitter, there is 
an increase in the area of inaccuracy encompassed 
by intersecting bearings (Heezen and Tester 
1967) . In add ition, the size of the 'error 
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polygon' depends on the position of the 
transmitter with respect to the antennae. As 
intersecting bearings depart more and more from 
right angles, the area of inaccuracy increases. 
2) Topographical error due to the reflection 
and refraction of the radio signal (Macdonald and 
Amlaner 1980). The topography of the Cradoc 
study area with its numerous hills and gullies is 
believed to have contributed the greatest source 
of error to the calculation of transmitter 
positions. High frequency signals can be 
distorted by vegetation (particularly when wet), 
gullies, hillsides, buildings and metal 
constructions such as wire fences. 
To examine the effect of topography on signal 
reception, 37 transmitters were placed in the study area 
and their positions were marked on a topographical map. 
The signals of these transmitters were then monitored from 
at least two pairs of receiving antennae to minimize 
system errors (Fig. 3.4). On the basis of the 
intersection of bearings, an estimate of error was 
associated with the locations of transmitters in different 
regions of the study area (Fig. 3;5). The radius of the 
circles illustrated in Figure 3.5 was calculated as the 
greatest displacement between the actua l position of the 
transmitter and the location of the transmitter determined 
from the intersection of bearings from the receiving 
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Fig. 3.4 Positions of pairs of antennae in the 
Cradoc study area. Each pair of a ntennae is 
described with a different symbol. 
X CO-ORD IN/\ Tf 
Fig . 3.5 Amount of signal distortion associated 
with different regions of the Cradoc s tudy area. 
Each shaded circle represents an estimate of the 
a rea of error in detecting a t ransmitter s ituated 
in the center of the circle . * = pos ition of a 
transmitter under a metal fence . 
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antennae. I t was evident that greatest distort i on of 
radio signals occurred in gu l lies and along steep 
hillsides . The signal of a transmitter which was located 
in flat terrain and i n line-of-sight of the antennae but 
beneath a wire f ence was also greatly distorted (* in 
Fig. 3.5). 
Because animals were monitored from only one pair 
of antennae, t he relative contribution of topographical 
a nd system error cou l d not be identified during this 
study. Thu s an e s t imate of "mean distortion " would have 
little meaning. Rather , knowledge of patterns of 
distortion and signal loss throughout the a r ea was used to 
inte rpret movements of an ima ls based on the sequential 
telemetry points . 
3.2 . 4 Methods of ana l ys is 
3.2.4.1 Movements of quells between traps 
Movement patterns of resident adu lt s were 
determined on the basis of their s ites of rec apture in the 
five regions of the study area (Fig. 2 . 3). These were 
calculated as ( a) the number of r eg i ons in which an animal 
was tra pped and (b) the number of - times that an individual 
was trapped in the region where i t was most fr equently 
captured and expressed as a percent of its total number of 
captures . Differences between the sexes we r e examined by 
comparing separately the percent frequency of all ma l es 
and all femal es for these two methods of ana lysis. 
3.2.4.2 Home range estimates based on radio telemetry 
Because telemetry points represent only a sample 
of the movement patterns of an individual, methods for 
analyzing the size or shape of the home range, or the 
frequency with which an animal uses the area within the 
range, may vary considerably from one technique to 
another. The choice of method may thus greatly influence 
conclusions drawn .about the spatial organization of the 
population. Three methods of home range analysis were 
used and compared in this study. 
a) Minimum convex polygons (MCP) (Southwood 
1966~ Jennrich and Turner 1969): These were formed by 
connecting the outer-most telemetry points for each 
animal. The area within the polygon was calculated by a 
micro computer connected to a digitizer board. Minimum 
convex polygons have been criticised as a method of home 
range analysis because (i) increases in sample size 
generally result in increases in the home range estimate 
(ii) they are sensitive to movements of an animal at the 
periphery of the range and (iii) they often include large 
areas of land not visited by the individual (Macdonald et 
al. 1980). This method may however be useful in 
describing home range where animals are limited in their 
movements by topographical barriers or by territorial 
behaviour. 
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(b) Confide nce ellipses (Ap) (Koeppl et al. 
1 975) : The home range was estimated as the area within an 
el l ipse with the length of its axes being proportional to 
a specified percentage of the variance of the X and Y co-
ordinates in the sample. Being a statistical measurement , 
elliptical home r a nges allow comparisons to be made 
between individuals, populations and species 
(Maza et al . 1973; Van Wink l e 1975) . Using the animal ' s 
frequency distribut i on of activity, termed the utilization 
distribution or d e nsity probab ility function (Jennrich and 
Turner 1969; Van Winkle 1975), the home range is 
calculated on the basis of the probabil i ty of finding an 
animal at a particular location ( Anderson 1982). 
Different levels of probabi l ity or confidence may be used 
in de termining the size of the ellipse. I n t his study two 
confidence ellipses were calculated usi ng the method of 
Koeppl et a l. (1975) , the 95% (Ap(95)) and 50% (Ap(50)) 
confidence ellipses. 
In order to use parametric statistics, t he 
assumption must be made a) that telemetry points a re 
independent and r epresent a random sample and b ) that the 
points are drawn from a bivariate normal distr i bution . 
For points to be independent , the time interval between 
successive points must be of a lengthAthat a point a t time 
Tis i ndependent of a point at time (T-1) (Van Winkle 
1975). To determine whether points are independent, the 
serial correlation between successive points s hould be 
calculated for differ e nt sampling frequencies ; it may then 
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be possible to determine an optimum rate of sampling 
(Macdonald et al. 1980). Another method would be to 
determine whether home range estimates based on l ow 
sampling frequencies are significantly different from 
those collected at more frequent intervals. To test 
whether the sampling frequency of readings at 15 min 
intervals was biasing the estimate of home range size , 
Ap(95) was calculated for sampling frequencies of a) every 
30 min (every second data point) b) every hour (every 
fourth point) and c) every two hours ( every eighth point). 
It should be noted that these are only rough 
approximations of sample frequencies as the number of 
hours of continuous tracking varied from night to night 
and consecutive telemetry points were often missing due to 
signal loss (Section 3.2.3). 
The assumption that telemetry points are drawn 
from a bivariate normal distribution is difficult to 
confirm (Metzgar 1972, 1973) except in the case of 
circular home range methods (Calhoun and Casby 1958) . In 
a study of foxes, Macdonald et al. (1980) plotted the 
frequency distribution of the X and Y co-ordinates 
separately for each animal and tested the observed 
distribution against a predicted normal distribution with 
a 2 x . A similar procedure was used in this study. 
Disadvantages associated with confidence ellipses 
include: (i) the inclusion of large areas of land wi thin 
the ellipse which are never visited by the animal, 
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(ii) absence of information about the shape of the home 
range and (iii) the unrealistic assumpt ion that movements 
are normally distributed. 
(c) Nonparametric home range statistic (MAP) 
(Anderson 1982): A nonparametric estimate of home range 
eliminates assumptions about the underlying distribution 
of independent points. The method, which involves drawing 
equal height contours about the utilization distribution, 
calculates 95% (or some other percentage) of the total 
volume under the distribution within the contour . By this 
method it is possible to calculate an animal's home range 
even when it consists of several isolated areas. It is 
necessary in this method to express the frequency of 
telemetry points as a number per unit area. The grid size 
used in this study wa s 65 m x 65 m, or 0.42 ha ; the gr i d 
size was based on the inte rval scale of the Cartesian axis 
selected for use in plotting telemetry points (Section 
3.2.2). No objective method exists for determining an 
optimal grid size (Anderson 1982); however, the size 
selected in this study appeared to provide reasonable and 
rep~esentative frequency distributions of animal activity. 
A PASCAL program written by Anderson (1982) was used to 
calculate 95% (MAP(95)) and 50% (MAP(SO)) estimates of the 
volume under the distribution. The notation MAP was 
introduced by Ford and Krumme (1979) in their 
nonparametric technique which estimates an 'average' 
utilization distribution for a population of animals and 
is an abbreviation for 'minimum area versus probability '. 
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To test the re l ationship between sample size and 
MAP estimates of home range , these variables were compared 
in a linear regression . To determine whether the sampling 
frequency influenced the MAP estimate, MAP values were 
calculated from readings taken at variable frequencies 
(Section 3.2.4.1). 
3.2 . 4.3 Correlates of home range 
a) Home range and body weight 
An examination was made of the relationship 
between home range size and the body weight of quells. As 
body weights fluctuated throughout the year (Fig. 2.3.5) 
the mean body weight was calculated for each animal during 
the period they were tracked. The relationship between 
body weight and home range was examined separately for 
each sex. 
b) Home range and age 
The relationship between home range and age was 
examined to see whether there was a patt ern of space use 
associated with the age structure of the population. As 
juveniles were not tracked , this analysis was res t ricted 
to different age classes of adults. Anima ls were classed 
by their year of birth; animals born prior to 1978 were 
put into the same age group because specific age 
determination was not possible. 
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c) Seasonal variation in home r ange size 
To determine whether there wa s a change in the 
sizes of the home range of ma les and females throughout 
the year , home range estimates of animals monitored dur ing 
particular seasons wer e pooled and compared with animal s 
monitored during other seasons. Month s of biological 
similarity with respect to reproductive a nd demographic 
e vents over the year were combined in this analys i s . 
These periods consi sted of (i) the mat ing season (May-
J une) , (ii) the period of l actation (July-October), 
(iii) the months of high population density when juveniles 
were newly independent (November-January) and (iv ) the 
months preceding the breeding season (February-April). 
Home range estimates f or individuals which were r adio 
tracked i n more than one of these periods were calcu lated 
separately for each period. 
As the population density fluctuated throughout 
the year, t he relationship between the mean number of 
animals known to be al i ve and the home range size in each 
per iod was e xamined. 
d) Use of the habitat 
To determine which habitats were utilized by 
quolls while foraging , an analys i s was made of the 
frequency of use of the habitat. Using a grid map of the 
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study area , each 0.422 ha grid cell was coded as pasture , 
woods , gully or road. The location of each te lemetry 
point for each individual was then characterized for the 
habitat of the g rid cel l in which i t occurred. To 
determine the total amount of each habitat type in the 
study a r ea , the habitat in an a rea of 21 x 21 grid cells 
(441 cells o r 186.1 ha) was examined ; t h i s area 
encompassed 97% of al l telemetry points. The i ntensity of 
quoll activity i n each r egion was calculated as the s um of 
the frequencies of occurrence of each individual with in 
that region. 
3.2 . 4 . 4 Relationships between the home ranges of quolls 
Two methods were employed to determine the 
relationships between the use of space by quolls. For 
these analyses two assumptions were made : (i) that all 
animals were present in the populati on simultaneou sly and 
(ii) that , where there was overlap in home r anges , 
indiv i d uals were present in these areas at the same time . 
Although unrealistic , this provides a frame work for 
determining whether animals responded to the prese nc e of 
their neighbours eithe r through direct contact , from prio r 
experience or by indirect cues . 
3.2 . 4 . 4 . l Intensity of space use 
To determine the degree to which an individual ' s 
use of space may have been i nfluenc ed by t he activity of 
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its neighbours, the intensity of use of grid cells by a 
"foca l animal" (Altmann 1974) was compared to the 
intensity of use of these same cells by other animals. If 
an individual is most active in the area around its 
geometric center of act ivity, then one might expect an 
inverse relationship between the intensity of activity of 
the focal anima l and the intensity of activity of its 
neighbours as a function of distance from the geometric 
center of activity of the focal animal i f (i) animals do 
not move in groups or pairs and (ii) animals avoid 
interacting with their neighbours while foraging. For 
this analysis, the geometric center of activity was 
calculated for each individual. Concentric "rings" of 
grid cells of 0 .42 ha were examined for the presence of 
telemetry points for the focal animal about its geometric 
center. The number of points in each 'ring ' were summed 
and divided by the tota l number of points collected for 
this individual; this value was then divided by the number 
of grid cells in the 'ring ' in which these points 
occurred . As 'rings' of grids cells were in fact square, 
the distance of each ' ring ' from the geometric cent er was 
calculated as the mean distance to the center point of 
each grid cell in the ring . The activity of neighbours 
was examined only for those grid cells in which the f oca l 
animal occur red and was calculated as the sum o f the 
intensities for all individuals in each concentric 'ring' 
of the focal anima l . A program for this analysis was 
kindly written by Mr R. Denson. An example of the 
analysis is provided in Appendix 3 . 
3.2.4.4.2 
- 164 -
Associat ion and cluster analysis of animals 
based on their utilization dist ributions 
To determine whether there was any pattern of 
association between groups of animals on the basis of 
their frequency use of space, an associa tion and cluster 
analysis was applied to the data collected from the 38 
tracked animals. 
A method of 'inverse' or species classification 
was used to identify animals showing simi l ar space use 
behaviour. The Twostep method of species classification 
(Austin and Belbin 1980; Belbin 1980; Austin and Belbin 
1982) was designed to identify plant species with similar 
ecological tolerances. 'Inverse' association analysis 
(Williams and Lambert 1961) differs from 'normal' 
association analys is, in which quadrat groups are 
recognized f o r their s imilarities in species composition, 
by identifying species groups by similarities i n their 
presence in different quadrats. Unique to the Twostep 
method is the use of an asymmetric measure of 
dissimilarity. Symmetric measures of association, where 
a 7 b = b ~ a, cannot accommodate the situation where the 
distribution of one species (or individual) form s a s ubset 
of another (Au stin and Belbin 1982). By the Twostep 
method, two a n imals with similiar frequency distributions 
within the r ange of a third, but more widely dispersed 
individual will have a higher level of association than 
either these two animals will have to the third. The two 
- 165 -
stages of this analysis entail a ) the use of an asymmetric 
measure of dissimil2arity to compare the frequ ency of 
occurrence of pairs of individuals in each quadrat and b) 
the row-wise subtrac t i on of each row of the asymmetrical 
dissimilarity matrix , by which each individual ' s 
simi larity is compared with every other individual (Austin 
and Be lbin 1982). A new symmetrical d i ssimilar ity matr ix 
is thereby produced . These coefficients are then 
subjected to a fusion strategy to produce a measur e of 
relative distances between pairs. The strategy used wa s 
the unweighted pair-group method using arithmetic averages 
(UPGMA) (Sneath and Sokal 1973, p . 230 ). The product of 
the analysi s was a dendrogram of animal groups linked 
together by a measure of the ir dissimilarity. As it i s 
the relative positions of the linkages between groups 
rather than the absolute scale which i s s i gni fi cant , the 
scale measuring the distances between groups was converted 
to one of percent d issimilarity , with the two groups of 
least similar i ty positioned at 1 00% dissimilarity. 
Because i t compares relationships between 
individuals asymmetrically , the Twostep method wil l group : 
a ) abundant generalists , i.e. animals occurring throughout 
the study area at high frequencies but not closely 
associated with animals showing restricted distr ibutions , 
b ) rar e generalists , i . e . ani mals occurring at low 
frequencies evenly throughout the area, c) animals with 
similar frequency use of particular r eg ions of the habitat, 
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and d) 1 r are species' or individuals with separate 
distributions which have in common their disjunct 
dispersion with respect to all other individuals. With 
this knowledge, the association analysis must be used in 
conjunction with maps of the utilization distributions of 
individuals for the correct interpretation of the analysis. 
Mr L. Belbin , CSIRO Land Use Research, Canberra , 
kindly gave advice on the choice of strategy and executed 
the program for the association and cluster analysis. 
Although a variety of complex statistical 
procedures have been proposed for cluster analysis (for 
example, Tsukamura 1967; Hall 1968; Turner 1969) none 
are universally acceptable (Sneath and Soka l 1 973). The 
object of th e analysis was to determine whether there was 
any evidence that particular groups of indiv idua ls showed 
similarities in their home range patterns as a prel iminary 
measure to detecting spatial organization in the 
population . 
3 , z .4.5 Temporal use of space 
By examining the movement patterns of animals 
which were monitored simultaneously, it was possible to 
determine whethe r animals which were classified as groups 
on the basis of home rang e overlap were moving as groups 
or pairs. Nightly mean and minimum distances were 
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determined for each pair of animals monitored concurrently 
which were classified as a group by the Twostep method. 
3.3 Results 
3.3.1 Movements of quolls between traps 
There were differences between the sexes in their 
pattern of movement around the study area on the basis of 
where they were trapped . Most males were caught in more 
than two regions where traps were set , whereas most 
females were trapped in only one or two regions (Fig. 3.6). 
Males were caught in more regions than were females though 
this d i fference was only slight (G=l3.03, 
df=4 , P<D.02). 
On the basis of the frequency with which an 
individual was trapped in one region (i.e. the region 
where it was most frequently caught), males were found to 
show little affiliation with only one region (Fig . 3.7) . 
Most males were caught in one area for l ess tha n 60 % of 
their captures; in comparison, most females were caught in 
one region for more than 80% of their captures. 
3. 3 . 2 Estimates of home range -
Estimates of home range size for 19 male and 19 
female quells , calculated by the methods described in 
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Fig . 3.6 Percentage of resident eastern quells which 
were trapped in one or more of the five trap areas 
in the Cradoc study area, 1978-1981. 
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Fig . 3.7 Percentage of resident eastern quells which 
were trapped in the one area where they were most 
commonly trapped in the Cradoc study area, 1978-1981 . 
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Section 3.2.4.2, are presented in Table 3.2. Mean values 
of home range f o r each sex are presented in Table 3.3. For 
all estimates, the mean home range for mal es was 
significantly larger than that for females. An analysis 
of variance reve aled that there was no significant 
difference between the minimum convex polygon (MCP) , the 
95% c onfidence ellipse (Ap95 ) and the nonparametric home 
range statistic (MAP95) for females (F=2 . 00, df=72 , 
p=0.12). These estimates were however s ignificantly 
different for males (F=3.62, df=72, p =0.017). While there 
was no significant difference in males between MCP and 
MAP(95) , Ap(95) was significantly larger than MCP (T=l.85 , 
df=36 , p=0.036) and MAP(95) (T =2.62, df=36, p=0.006). 
Anderson (1982) suggested that MAP(50) may 
provide a more accurate estimate of the utilization 
distribution than MAP (95) as it reduces the tendency of 
out lying data points to inflate the estimate. MAP( 50) 
estimates of quoll home ranges were less than one third 
that of MAP(95) and were comparable with Ap(50) 
estimates. From the spatial arrangement of the MCP, 
Ap(9 5 ) and Ap(50) for Male 550 (Fig. 3 . 8) , it is appa rent 
that both MCP and Ap(95) estimates include l arge areas in 
which the animal was not found . Ap(50) by minimizing the 
inclusion of large unfrequented areas may, like MAP(50), 
desc ribe the core area of the individual. 
The main criticism of the use of e llipses for 
estimating home ranges of quolls was the apparent lack of 
Table 3 .2 Home range estimates o f eas tern quolls. Al l estimates are in hectares. 
a) Females 
Animal No. of No. of Mi nimum Ap(95) MAP ( 9 5) l\p(50) MAP(50) 
Identification Telemetry Ni ghts Convex (Confide nce (Nonparametric 
Number Points Polygon Ellipse) Stati s tic) 
--------·-------- ·- -------,__ .. __ . __ ..__ -------------·--
022 71 7 44.2 61. 8 33 .6 13.7 10.3 
029 86 8 24.5 30 . 0 19.4 .6 .8 5 .2 
033 99 8 6.3 8 .1 9.1 1. 8 2.6 
0 41 1 26 9 30.1 32.9 23.3 7. 6 6.5 
r-- 044 99 8 19.1 18 .7 15.5 4.2 3 . 9 r-1 
45 25 5 18 .2 38 .2 16 . 8 8.1 5.2 
69 25 5 8.2 22 .2 15.5 4.7 5 . 2 
81 164 12 4 7 . 8 65.1 38 .8 15.1 9.1 
85 90 7 31. 2 42 . 5 28.5 9.7 6.5 
114 285 21 111. 7 79.0 51. 7 18.2 12.9 
1 44 102 6 21. 7 27.6 20.7 6.3 5.2 
222 127 11 40.3 43.6 29. 7 1 0.1 9.1 
224 102 7 31. 4 37 . 8 28 .5 8 . 6 9.1 
228 26 5 16.8 42.8 27.2 9.0 10. 3 
332 126 12 78. 9 103.8 50.4 23.6 14. 2 
339 188 15 4 3.9 36.9 34.9 8.5 7 . 8 
53 3 147 13 52. 7 63.9 32 . 3 14.7 9.1 
778 50 6 26.8 61. 0 40.1 1 3.6 14.2 
885 83 8 4.9 6.9 9.1 1. 6 3.9 
(continued on n e xt page) 
Table 3.2 (continued) 
b ) Males 
Ani mal No. of No. of Minimum Ap ( 9 5) MAP ( 95) Ap(SO) MAP ( 50) 
Identification Telemetry Nights Convex (Confidence (Nonparametric 
Number Points Polygon Ellipse) Statistic) / 
--·-----·- --- ---· ---- - --------·---
53 36 5 7 . 8 21. 9 14.2 4.7 5.2 
75 66 8 48 .1 78.6 51. 7 17.5 15 . 5 
7 6 47 5 24 . 1 55.8 31. 0 12·. 3 9 . 1 
322 59 7 29 . 0 39 . 5 28.5 8.8 6.5 
rl 344 60 7 62 . 7 88 . 8 34 . 9 19.7 7.8 r-.. 
rl 399 55 7 90.6 181. 8 86.7 40.5 27 . 2 
422 86 9 79 . 2 110.7 76.3 24.9 24 . 5 
44 6 65 7 40 . 7 96.0 55 . 6 21. 7 18 . 1 
4 47 34 5 5 . 5 11. 2 9 . 1 2 . 4 2 . 6 
550 188 16 78.4 87 . 9 47.9 20 . 3 6.5 
633 271 21 114.0 96 . 9 68 . 6 22.3 16 . 8 
644 88 8 13.9 17 . 2 14. 2 3 . 8 2 . 6 
711 50 6 4 4. 0 61. 7 29.7 13 .6 9. 1 
8 2 2 58 6 50 .9 100.1 69.9 22.4 22 . 0 
881 89 8 22 . 0 39 . 9 31. 0 9. 1 11. 6 
882 115 9 57.6 90 . 7 53 . 0 20.9 16 . 8 
990 85 7 44.0 65.2 46 . 6 14 . 8 14 . 2 
996 82 8 44 . 7 44 . 8 23 . 3 1 0 . 0 6 . 5 
4449 142 1 4 111. 0 168 . 9 66 . 0 38 . 9 23 . 2 
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Table 3.3 Mean home range estimates for male and female 
eastern quolls . 
Method 
of 
Analysis 
Minimum 
Convex 
Polygon 
Ap(95) 
(Confid ence 
Ellipse) 
Ap ( 50) 
MAP(95) 
(Nonpara-
metric 
Statist ic ) 
MAP(50) 
Mean Estimate 
(2:_18.E.) 
Males Females 
50.9 + 7 . 3 34.7 + 5.9 
76.7 + 10.5 43 .3 + 5 .6 
16.4 + 2.4 9.3 + 1. 3 
44.1 + 5.2 34.9 + 7.2 
17.2 + 4.4 7.9 + 0.8 
t - test Values for 
Differences between 
the Sexes (df=36) 
t p 
1. 72 < 0. 05 
2.80 < 0. 00 5 
2 .76 < 0. 005 
2.78 < 0. 004 
2.61 < 0 . 004 
:::::E 1500 
w 
(_) 
z 
< 
I-
(/) 
1000 
0 
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DISTANCE CM) 
Fig. 3.8 Three methods of calculating the size of the 
home range based on telemetry points collected for one 
male eastern quoll; the minimum convex polygon (MCP) 9 
the 95% confidence ellipse (Ap(95)) and the 50% 
confidence ellipse (Ap(SO)l 
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bivariate norma li ty of points. The distribution of the X 
and Y co- ordinates of four individuals and the statistics 
describing their deviation from normality are shown in 
Figure 3.9. This indicates that a basic assumption of 
parametric home range estimates was violated . 
The use of grids provided visual i nformation 
about the intensit y of space use by quolls wi t hin the home 
range (Fig . 3.10). The nonparametric home range 
statistic , MAP(95), which calculates the vol ume under the 
utilization distribution, is based on the frequency of use 
of grid cells. By minimizing assumptions about the 
distribution of activity , it is believed to provide the 
most biologically meaningfu l estimate of home range . 
Home r ange estimates are based on the assumption 
that telemetry points are indep endent. To determine 
whether telemetry points recorded at a sampli ng frequency 
of approximately 15 min were independent, this rate of 
sampling was compared to three lower frequencies for the 
calculation of Ap(95) a nd MAP(95) (Table 3.4). Although 
an analysis of variance detected no significant difference 
between home range sizes at the d i fferent samp ling 
frequencies , there was a tendency for estimates of Ap(95) 
to decrease as the sa~pl ing frequency decrea sed but for 
the estimates of MAP (95) to increase . As the calculation 
of home ranges based on low sampling frequencies also 
involved a reduction in the data-file, both sampling 
frequency and sa~ple size could be contributing to these 
trends . 
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Fig. 3.9 The distribution of the x and y co-ordinates 
of the telemetry points of four eastern quolls compared 
with the expec t ed normal distribution of these 
co-ordinates. The statistics describe the deviation 
of the observed distributions from the normal ones . 
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(40. 35) 
500 ~ 
(11 ,6) 
Fig. 3.10 The utilization distribution of a male 
eastern quoll described as the frequency of 
occurrence of telemetry points within grid cells 
of 0.42 ha. 
(40. 6 ) 
d'550 
Table 3.4 Effect of sampling frequency on home range estimates . 
Sampling 
Frequency 
(Approximate 
Home Range Estimate (Mean+ l S.E. (ha)} 
Males Females 
--------·-· -----
Interva l s in Ap(95) MAP(95) Ap( 95) MAP(95) 
~~~l. ________ _ 
·-----------·-----~ 
15 76.7 + 10.5 44.l + 5.2 43.3 + 5.6 26.5 + 3.0 
r-
r- 30 73.2 + 11. l 45.2 + 5.6 41. 6 + 6.3 27.6 + 2.7 
.-l -
60 68.8 + 9.7 45.7 + 6.2 4 0 .5 + 5.0 28 .9 + 3 . 8 
-
120 70.5 + 10.l 46.l + 8.0 39.2 + 6.8 32 . 6 + 4.9 
-
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The relationship between sample size and home 
range size (MAP(95)) for the 19 males is illustrated in 
Figure 3.11. With small sample sizes there was greater 
variation in the home range estimate than with large 
sample sizes. While there was a tendency for home range 
estimates to be smaller with sample sizes of less than 10 
points , some estimates were actually l arger at these small 
samples . This is due to the fact that the largest portion 
of the volume of the distribution at 95% probability l i es 
in the t ails of the distribution . With small samples, 
outlying points can cause large fluctuations in the 
contours at the tails and hence an increase in the 
estimate. 
Apparent in Figure 3.11 is the large variation in 
the size of home ranges between males . Home r ange size 
was found to be positively correlated with body weight for 
the 19 males (Ap(95): r=0.62 , t=3.26 p<0 . 01 ; MAP(95) : 
r=0.69 , t=3 . 98 p<0 . 001), but not for the 19 fema l es 
(Ap(95): r=0 . 22; MAP(95): r=0.23) (Fig. 3.12). There was 
however greater variation in the weights of males (1720 g 
- 1054 g) than for females (963 g - 76 0 g) which may 
explain the poor correlation for females. 
An analysis of variance detected no s i gnificant 
difference between the est i mates of home range size for 
different age classes of adult quolls (Table 3.5) . No 
data are available for juveniles . 
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Fig . 3.11 Relationship between the Map(95) estimates 
of home range size for 19 male eastern quolls and t he 
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Table 3 .5 Home r ange size and age classes of adult eastern quolls. 
Age 
(Years ) 
3 
>2 but< 3 
>l but< 2 
< l 
No . of 
Males 
0 
3 
11 
5 
Males 
Home Range Estimates 
(Mean + 1 S.E. (ha) ) 
Ap(95) MAP(95) 
53.5 + 17.3 32.3 + 10.8 
86.9 + 14.1 45.5 + 7.1 
85.1 + 16.9 48.1 + 11. 0 
-
No. of 
Females 
- ----· -
3 
4 
10 
2 
Females 
Home Range Estimate 
L~~an ~-~ -~~~.:_J_ha )) 
Ap ( 95 ) MAP ( 9 5) 
-- - --- -- ----·- ---
43 . 3 + 16.l 17 . 4 + 1. 9 
-
43 .1 + 8.9 26 . 8 + 4 . 6 
- -
46 . 4 + 8.8 28.2 + 3 . 6 
-
34. 1 + 27 .5 24.6 + 15 . 5 
-
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Seasonal variation in the size of the home range 
is shown in Table 3.6. Home ranges of males were 
significantly larger in May-June (mating season) than 
during the preceding months (February- April) (MAP(95): 
t=l.9, df=l2, p=0.038; Ap(95): t=4.13, df=l2, p<0.001) . 
Home ranges of females did not appear to vary ex tensive ly 
throughout the year though there was a slight increase 
during November-January (MAP(95): t=l.57, df=l2, p=0.07 ; 
Ap(95): not significant) . This coincided with the period 
when females had completed lactation and when population 
density was greatest. For neither sex was there a 
correlation between mean home range size and the number of 
animals KTBA in the population for the four monthly 
periods used in this analysis (Table 3.6). 
3. 3. 3 Use of the habitat by eastern quolls 
Quoll activity was found to be greatest in 
pastures which were adjacent to areas of woodland 
(Fig. 3.13) . Of the total number of telemetry points 
within an area of 186 . 1 ha (Section 3.2.4 . 3), 51% occurred 
in pasture, 30.5% in woods, 12% in gullies and 6% along 
the road (Table 3.7). Although this indicate s that 
animals were most active in pastures, there was also 
greater area of pasture in which movement could occur. 
The intensity of activity (Section 3.2.4.3 (d)) was found 
to be most intense within gullies and least intense in 
pastures (Table 3.7); the density of animals was also 
greatest in gullies and lowest in pastures. As there were 
(") 
00 
rl 
Table 3.6 
Monthly 
Period 
Feb-April 
May- June 
(Mat ing) 
J uly- Oct 
( Rearing 
of Young ) 
Nov- Jan 
Seasonal variation in h ome range size for eastern quel ls. 
Mean Number 
of Animals 
KTBA (May 1980-
May 1981) 
(Mean + 1 S.E.) 
57.1 + 2.6 
57 . 5 + 1. 5 
-
so.o + 2.0 
-
67 . 7 + 2. 3 
No. of 
Males 
8 
5 
4 
6 
Ma les 
Home Range Estimate No. of 
(Me a n + l S.E. (ha) ) Females 
Ap(95) MAP ( 95) 
-~--~~-~~~------------
54.9 28 . 7 13 
+ 18.7 + 13.8 
104.6 47 . 8 5 
+ 23.2 + 1 4 . 0 
-
48.7 44 . 8 7 
+ 18 . 4 + 11. 8 
-
82 .8 39 . 4 9 
+ 13.7 + 8.7 
-
Females 
----
Home Range Estimate 
(Mean + l S . E . (ha ) ) 
-----·-·-
Ap ( 9 5) MAP(95) 
----·--
30 .7 20 .9 
+ 7.7 + 3 .4 
24 . 4 20 . 7 
+ 5 . 7 + 11.1 
-
29.8 23 . 7 
+ 5 . 7 + 2.9 
38 . 4 32.5 
+ 5.6 + 4 .6 
(A) 
( 1 I . '- ~I 
500 M 
(B) 
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Fig . 3 . 13 Distribution of activity of 38 r~dio tracked quolls 
in the Cradoc study area. (A) Habitat regions at Cradoc with 
an overlay of (B) the frequency of activity of the radio tracked 
animals in these regions. The overlay on (B) identifies the 
habitat regions (see Table 3 . 7). 
Table 3.7 Frequency of use of habitat regions at Cradoc by 38 eastern quolls. 
( * = high values of intensity of activity; see Section 3 . 3 . 3 ) 
No . of No . of Intensity No. of No. of 
Habitat Telemetry % Grid Area of Activity Quolls Animals 
Region Points Cells (ha) per ha which per ha 
( N=3724) (Fig. (x 100) Frequented 
3.13 ) the Region 
------ -- - --·-------- - ----- -------------------· 
Road 226 6 .1 24 10.1 24 . 0* 29 2.8 
Pastures: 
Hay 863 23.1 56 23.6 34 . 3* 35 1. 5 
Old House 42 0 11. 2 86 36.3 12.1 28 0 . 8 
L{) Main 142 3.8 47 19. 8 7. 7 19 0 . 9 co 
rl Far Field 486 13.0 60 25.3 18.2 24 0.9 
Total: Pastures 1911 51. 3 249 105.0 17.7 
Woods: 
Hay 244 6.5 13 5.5 37.8* 25 4.5 
Old House 287 7.7 21 8 . 9 34 . 8* 28 3 . l 
Main 63 1. 7 13 5. 5 14.2 9 1. 6 
Far Field 433 11. 6 42 17.7 22.9* 19 l. 1 
Burn Woods 110 2 . 9 33 13.9 8.4 18 1. 3 
Tota l: Woods 11 37 30 .5 122 51. 5 21. 7 
Gullies : 
Old House 212 5.7 13 5. 5 49 . 7* 18 3. 3 
Far Field 73 1. 9 1 2 5 . 1 14 . 4 16 3. 1 
Burnt Woods 156 4.2 13 5 . 5 26 . 0* 20 3 . 6 
Loft 9 0 . 2 8 3.4 1. 2 4 1. 2 
Total: Gullies 450 12.1 46 19.5 25 . 3 
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large differences in the intensity of activity in 
different regions of the same habitat (i. e. wood, pasture, 
gully), an analysis of variance detected no significant 
difference in the intensity of activity between different 
habitats. Seven regions were found to have high intensity 
values; the road, one pasture, three areas of woodl a nd and 
two gullies (denoted with an* in Table 3.7). The 
distribution of dens (Section 4.3.1) largely explains the 
high concentration of animal activity in the woods and 
gullies, and differences in the intensity of activity 
between particular regions. Differences in the intensity 
of quoll activity in pastures was largely due to 
agricultural practices. Both the Main Pasture and Far 
Field Pasture were subject to ploughing and pasture 
.improvement (rock removal, fertilizer treatment etc.) from 
1979 to 1981 which rendered them largely unsuitable for 
insect larvae. In addition, a landing strip for light 
aircraft was built in the middle of the main pasture 
toward the end of 1980, further reducing its sui t ability 
for prey. The relatively low value for the intensity of 
activity in the Old House Pasture is due t o the fact that 
most activity occurred in the area immediately adjacent to 
the woods (denoted with X in Fig. 3.13); the large amount 
of pasture which was used at much lower frequencies 
'diluted' tne estimate of activity in t h i s region. 
As insect larvae were a major food resource for 
quolls from about September to February (Fig. 2.31) and 
were distributed almost e xclusively throughout the 
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pastures (Table 2.11) , an investigation was made of the 
distribution of quoll activity within the three habitat 
types (pastures, woods and gullies) for the periods April 
- August and September - February (Table 3.8). Animals 
occurring in both periods were omitted from the 
comparison. There was significantly more activity in 
pastures during September - February than April - August 
(x2 = 9.36, df=l , p<0.001); the large volumes of larvae 
in quoll scats during summer was thus due to the foraging 
activities of quolls in pastures. There was significantly 
more quoll activity in the woods during April - August than 
September - February (x2 = 33.88, df=l, p~0.001) , which 
coincided with the period when vertebrates were slightly 
more frequent in quoll scats (Fig. 2. 31). This suggest s 
that quolls increased their foraging activities, perhaps 
for small mammals and ground - nesting birds, within the 
woods when the availability and abundance of insect larvae 
in the pasture was reduced during winter. 
3 . 3. 4 Relationships between home ranges 
The extensive overlap between home ranges of 
quoll s (us ing minimum convex polygons and 95% confidence 
ellipse0 is illustrated in Figure 3.14. As neither method 
of home range analysis allows a quantitative assessment of 
the frequency of space use within the area of the home 
range , they provide little information about the 
relationships between individuals except that there was no 
evidence of territorial spacing-out behaviour. As both 
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Table 3.8 Seasonal changes in the freq uency of activity of 
eastern quolls in the different habitat type s in t he Cradoc 
study area , 1980- 1981. 
Habitat Types 
Gully 
Wood 
Pasture 
Number of 
Telemetry 
Points 
Number of 
Quolls 
Percentage of Telemetry Points 
April -August 
7.4 
38.1 
54.5 
1263 
1 6 
September-February 
11. l 
24.8 
64.0 
1170 
13 
2500 
~ 1500 
"'"' 
~00 
MCP 
N = 7 
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ellipses and minimum convex polygons may include areas not 
utilized by the individual, calculation of the relat ive 
amount of overlap between pairs of animals may not provide 
a meaningful measure of the association between them. 
From the utilization distr ibution (Fig. 3.15), it is 
apparent that while several animals may occur in similar 
areas, there are differences between individua l s in their 
relat ive intensities of space use . 
3.3.4.1 I ntensity o f space use 
Intens ity of space use by each individual and the 
degree to which other animals used this same space were 
calculated for the 38 radio tracked quoll s as a func t i on 
of distance from the geometric center of activity of each 
resident. As a mathematical ly derived concept, the 
geometric center of activity may not necessarily reflect 
the a rea where t he animal i s most active {i.e. the core 
area), and in situations where an animal displays a 
bimoda l pattern of activity, the geome t ric c enter may be 
far removed from bio l ogi cal centers o f activi ty (Dixon and 
Chapman 1980) . Quol ls were however fou nd to be most 
active near their geometric center of activity 
(Fig . 3.16); there was a decrease in the mean intensity of 
act ivity (per ha) with increasing - distance from the 
geometric center . Although t here was no significant 
difference betwee n the sexes in this relationship , males 
tend e d to be slightl y more active at greater dis tances 
from the geometric center in accordance with their larger 
home ranges . 
X CO-ORDINATE 
(11,29) 
Y CO-ORDINATE 
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(32,29) 
Fig. 3.15 Utilization distributions of four of 
the seven eastern quolls illustrated in Figure 3.14. 
Frequency of occurrence of telemetry points was 
calculated for each 0.42 ha area of the study area. 
Dots indicate the geometric center of activity for 
each animal . 
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The relationship between the mean intensity of 
space use by neighbouring quolls as a function of distance 
from the geometric center of the focal animal (i.e. each 
resident ) is shown in Figure 3.17. The lowest value for 
intensity of space use by neighbours occurred less than 
100 m from the geometric center of each resi dent; 
intensity of activity by neighbours increased with 
distance to a maximum around 400- 500 m from the geometric 
center of the resident. There was thus a negative 
correlation between the intensity of space use by 
residents and their neighbours (when the activity of all 
radio tracked quolls was considered simultaneously) except 
where the intensity of both residents and neighbours was 
low at distances greater than 500 m from the geometric 
cente r of the resident (Fig. 3.18). Thi s analysis 
suggests that resident quolls were aware of the space use 
patterns of their neighbours and consequently they 
modified or were forced to modify their movements. Thus 
while home ranges showed large overlap, there appeared to 
be partitioning of space use in the areas in which 
individuals were most active. 
3.3.4. 2 Association and cluster analysis 
On the basis of similariti es in their utilization 
distrib11tions , the Twostep method of numerical 
classification and the UPGMA cluster analysis detected six 
groups of animals at 70% dissimilarity between groups 
(Fig. 3 . 19) . At 1 00% dissimilari ty the populafion divided 
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Fig. 3 . 16 Mean intensity of space use (± 1 S.E.) by 19 male 
and 19 female eastern quolls as a function of distance from the 
geometric center of activity of each resident (Section 3 . 2 . 4 . 4. 1) . 
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into two groups. On the basis of the frequency of 
occurrence of telemetry points within the different 
habitat regions (Table 3.9), it is apparent that the 
division of the population into two groups at 1 00% 
dissimilarity was due to the negligible occurrence of 
Groups 1, 2 and 3 within the Old House wood, gully and 
pasture. Between 75% and 80% dissimilarity, the 38 radio 
tracked quolls divided into four groups; Group 1 differed 
from Groups 2 and 3 in having a relatively high frequency 
of points occurring in the Main Wood and pasture, and 
Group 6 differed from Groups 4 and 5 in having a higher 
frequency of occurrence in the Old House region but a 
lower frequency in the Hay-Burnt Woods region 
(Table 3.9). At 70% dissimilarity six groups were 
associated with particular habitat regions as follows: 
Group 1: one female and two males in the Main 
wood and pasture and in the Far Field pasture 
Group 2: two females and three males in t he Hay-
Burnt woods and pasture and Far Field wood and 
pasture 
Group 3: three females and one male in the Far 
Field wood and pasture 
Group 4: one female and five males in most 
regions except the Far Field wood and pasture 
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Fig. 3.19 Classif i cation of 38 eas t e r n quolls i nto groups 
according to simi l arities in their ut i lizat ion distributions 
using the Twostep me thod (Section 3 .4 .2. 1). Groups are 
dist i nguished by t hei r r e l ative dissimi l arity. 
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Table 3.9 The fr equency of occurrence of telemetry points 
within four habitat regions of the Cradoc study area for six 
groups of quolls classified as having similar utilization 
distr ibutions . 
Group 
(Twostep 
method) 
1 
2 
3 
4 
5 
6 
Percentage of Telemetry Points Occurring Within 
Different Habitat Reg ions (see Fig. 3 . 12) 
Main Wood Old House Hay & Burnt Far Field 
& Pasture Wood , Gully Woods, Gully Wood , Gully 
& Pasture & Pasture & Pasture 
-----... -
52 1 1 46 
0 2 64 34 
0 0 10 90 
1 4 3 1 53 2 
3 14 58 25 
1 85 1 3 1 
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Group 5: five females and six males in most 
regions except the Main wood and pasture 
Group 6: eight femal es and one male in the Old 
House wood and pasture. 
The util i zation distributions of representatives of these 
groups are illustrated in Figure 3.20 (a- f) . 
Below 7 0% dissimilarity , six groups fragmented 
into many small groups and pairs. Only five pairs had 
greater than 80% similarity (i . e . 20% dissimilarity) in 
their patterns of space use ; one pair consisted of a 
male- female association and four pairs consisted of 
female-female association. Thus, although six groups of 
animals were recognised as using similar regions within 
the study area , there was, in general , little evidence 
that pairs or groups of animals had greatly similar space 
use patterns . 
There were f e w simila rities between groups in 
t e rms of composition ; all groups contained r epresentatives 
of more than one age class and contained variable 
combinations of males a nd females (Table 3. 1 0) . There was 
some evidence to suggest that at least some groups were 
composed of family member s (Table 3 .11) . A mo ther and two 
daughters (Females 41, 224 and 022 , r espectively) were 
classified within Group 6, and a mother and son (Female 45 
and Male 447) were also classified together in Group 6. 
- 200 -
500 w 
Fig. 3.20 Examples of the utilization 
distributions of eastern quolls in groups 
detected by the Twostep method of 
classification (see Fig. 3.19). Dots 
indicate the geometric center of activity; 
circles indicate den sites for ea1:h 
individual. 
(a) Group 1 
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Fig. 3.20 (b) Group 2. 
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Fig. 3.20 (e) Group 5. 
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Fi g . 3 . 20 (f) Group 6. 
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As juveniles, Females 41, 45, 81 and 85 (born in 1978) 
were commonly caught in adjacent traps along the trap line 
which suggests that they may have been related. If so , 
then Group 6 consisted largely of related animals. 
Similarly Group 3 was thought to consist of a mother 
(Female 29) and two of her daughters (Females 033 and 
044). In contrast to groups where animals were known or 
suspected of being related, it is also apparent from 
Table 3.11 that groups also contained animals which were 
known to be unrelated. For example, Male 644 was the son 
of Female 45 but moved to another region of the study area 
to establish his home range. Similar:_iy, daughters did 
not always remain within the same region as their mothers~ 
Females 222 and 339, daughters of Female 85 who was 
classified as being in Group 6, were found to have home 
range patterns typical of Groups 4 and 5 , respectively 
(Table 3.11). Family membership cannot therefore 
completely explain the relationships between patterns of 
space use by quolls. 
3.3.5 Temporal relationships between animals classified 
as groups 
In determining the spatial relationship between 
quolls, the assumption was made that all animals tracked 
were present in the population simultaneously, and that 
spatial overlap in home ranges occurred contemporaneous l y. 
As radio telemetry was conducted over 14 months, all 
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Table 3.10 Sex and age structure of the groups of eastern 
quolls classified as having similar utilization distributions. 
Group No. of Ratio of Males No. of Animals in the 
Animals to Females Different Age Cohorts 
in Each 
Grouo .............__ ____ 
Born Born Born Born 
before 1978 1979 1980 
1978 
l 3 2 l 0 l 0 2 
2 5 3 2 0 l 3 1 
3 4 l 3 1 0 3 0 
4 6 5 l 0 2 2 2 
5 11 7 4 0 l 8 2 
6 9 l 8 0 5 4 0 
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Table 3.11 Home range groups containing known family 
member s. 
Mother Young 
Twostep Classification Group (see Fig 3.19) 
6 l 2 3 
~ 45 0633 71 0644 
~ 41 
~ 85 
4 
/1 
0446 
~222. 
5 
03 22 
0344 
6 
0447 
~ 224 
9022 
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animals tracked were not h owever present in the population 
at the same time . When each group of quolls classified as 
having similar home range patterns were examined, three 
groups were found to contain animals which were not alive 
in the population at the time as a ll of the other members 
of the group (Table 3 .1 2) . For example , Males 996 and 881 
in Group 4 were not born in April-May 1980 when Male 76 
( then a t leas t two years old) was r adio tracked . Male 7 6 
failed to survive until Apri l-May 1 981 when Males 996 and 
8 81 were t racked. I n total, 17 (1 3 .6%) of the 125 pairs 
of animal s classified as having similarities in their 
util ization distributions were not alive in the population 
at the same time. Thi s represented 5 (1 0.2% ) of the 49 
male-female pairs and 12 (32.4%) of the 37 male-male pairs . 
To determine whether animals classified wi thin a 
group were active in similar reg i ons of their overlapping 
home ranges at the same time , mean and minimum distances 
were calcu l ated for each pair of animals each night 
(Table 3.13 ). As many animal s within e ach group were not 
monitored simultaneously , information is not a vailable on 
their tempora l use o f space . For example , within Group 1 
only Male 53 and Female 885 were radio tracked during the 
same sess i on . In Group 2, Male 633 was tracked with Male 
711 and later with Male 822 but Male 711 was not tracked 
during the same session as Male 822 . Considering pairs of 
animals within groups only , 52 pa irs were radio tracked 
s i mu l taneously (Table 3 . 13) . 
0 
rl 
N 
Table 3.12 Number of combinations of pairs of eastern quolls, 
classified as groups on the basis of their home ranges , which 
wer e not alive in the population contemporaneously . M=male; 
F=female. 
Group No. of Total No. Sex of Pairs No. of Pairs 
Animals of Pairs of Animals Not 
in Group of Animals Alive Simult-
in Group aneously 
M-F F-F M-M 
------------~--,-----·-- ---------->--
l 3 3 2 0 l 0 
2 5 10 6 l 3 2 
3 4 6 3 3 0 0 
4 6 15 5 0 10 4 
5 11 55 28 6 21 11 
6 9 36 8 28 0 0 
Sex of 
Absent Pair 
M-F M-M 
v-----
2 
l 3 
2 9 
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Table 3.13 Mean and minimum distances between pairs of eastern 
quolls classified as groups due to similari t i es in their 
utilization distributions. 
Home Range No. of No . of Mean Distance Minimum 
Group : Pair Nights Distances + 
-
l S.E. ( m) Distance ( m) 
Group l: 
053-0885 5 26 157.3 + 18.3 41. 6 
+- -
----- .. - -
Group 2: 
0633-0711 7 38 421. 8 + 27.5 117.5 
d633-082 2 2 15 364.0 + 30.5 156.6 
Group 3: 
0644-0 033 8 77 122.2 + 12.7 6.5 
.,, + 
61 182 . 6 22.3 13. 0 d644- 004 4 8 + 
cY644-0 29 8 57 330.8 + 31. 5 1 3.0 
+ Q033 - Q044 8 79 138.4 + 1o . 6 14 . 3 
9033-Q 29 8 66 243.7 + 22.3 13. 0 
-0044-0 29 8 42 251. 5 + 22.1 20.8 
+- f' 
Group 4: 
6446-d' 76 2 32 337.3 + 31.0 39.6 
"' 2 10 254.8 39.0 18.2 0446-0222 + 
0881-01996 8 61 276.2 - 26.3 6.5 + 
-~---- __ , __ ------- ·-... -- .--·-·-------· ----------
Group 5: 
Q339 - Qll4 6 65 287.3 + 16. 4 9.1 
-Q3 39-0"444 9 6 41 454.3 + 49 . 8 46.1 
Q.339-9332 6 36 639.6 + 43 . 4 119.6 
Q339 - 0's82 7 69 356.8 + 23.1 43 .5 
Q339-Q533 5 5 0 230.1 + 19.7 14.3 
0339 - Cf399 5 33 594.7 + 60.2 49.4 
9339- d1344 5 43 360.7 - 39 .9 50.7 + 
d344 - 639 9 5 38 386.7 + 36.4 136 . 5 
d'344-cJ882 5 40 304.2 + 26.7 39 . 6 
d"344-053 3 5 41 302.2 + 44 .0 59.8 
d1882-053 3 5 45 364.6 + 45.7 o.o 
d88 2-0'39 9 5 32 443.9 + 55.1 55.2 
d'399-Q533 5 31 562.9 + 54 . 5 87.1 
Q332-d550 1 8 490.7 - 26.0 + 399.7 
Q332-04449 7 35 303.2 + 37 . 8 46.1 
Q332 - 91 14 7 51 423 .8 + 36.7 46.1 
Q?50- Qll4 15 118 268.4 + 19.9 14.3 
d550- Q533 9 64 191.7 + 28.2 6.5 
Q533-Qll4 8 44 239.8 + 39 . 1 32.5 
0'"'4449 - Q 114 7 55 536. 2 + 28 . 9 96. 8 
0'4449 - 0550 1 6 309.4 - 13.0 + 260.0 
- - -- - - -·---- -------·---- - ---- ------·- .-----
(continued on next page) 
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Table 3.13 (continu ed) 
Home Range No. of No. of Mean Di stanc e Minimum 
Group: Pair Nights Distances + l S.E. ( m) Distance ( m) 
Group 6: 
0447-Q022 4 26 302.2 + 4 6 .2 20 . 8 
0447-Q 85 4 27 172 . 9 - 26.8 1 8.2 + 
Q 45-~ 69 2 17 129.3 + 21. 7 13.0 
Q 45-Q228 2 17 315.2 + 42 . 2 72.8 Q 45-9 41 2 17 211. 9 + 31. 6 20.8 
-0 45 - Q 81 2 17 278.8 + 38.l 46. 8 
·-0 69-0228 2 17 267.8 + 48.0 20. 8 
+ ... 
Q 69-0 ,_ 41 2 17 158 . 6 + 24.6 o. o 
0 69-9 81 2 17 249.6 + 29.3 67. 6 
+ 
-0022-0 85 7 64 253.5 + 19 . 7 63.7 
6 41-0 81 10 92 200.2 + 13.9 13. 0 
Q224-Q 4 56 270.4 -81 + 19.0 43.5 
9224-Q 41 4 55 317. 8 + 23.5 37. 7 
-0 22-0 41 3 19 92.7 + 11. 4 6.5 
6 ... -22-Q 81 3 20 183.9 + 33.6 6.5 
.. 
-0 41-Q228 2 18 315.2 + 35 . 2 79.3 
Q 81-Q 85 3 24 264.6 + 22 . 7 66.9 
-0 81-Q228 2 18 334.0 + 34.8 107.2 
6 85-Q 41 3 22 197.l + 29.9 18.2 
+ 
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Of the animals which were monitored simultaneously 
and which were classified within the same group by the 
111dn'H{.,_1a/s ,_,,_;,/J.,/l 
Twostep method, the mean distance between Apairs of males 
was 351.6 + 24 . 6 m, ,_;,ffJ,n pairs of females was 261.0 + 
6.5 m, and wdh111 male - female pairs was 306.9 + 8.4 m. 
Female-female mean distances were significantly smaller 
than both male-female distances (t=4.8, df=l770, p<0.005) 
and male-male distances (t=6.37, df=l235, p<0.005) . 
Male-femal e mean distances were significantly smaller than 
male - male distances (t=2 .64, df=ll2 7 , p<0.005). While 
this indicates that males maintain greater distances 
between each other than females, mean distances for all 
pair types were greater than 200 m suggesting that in the 
normal course of nightly activities, animals did not move 
in close proximity to one another . 
An analysis of the minimum distances between 
pairs of animals r eveal ed that animals were however 
frequently less than 100 m apart (Fig. 3.21). Females 
tended to come closer together than did males (x 2=11.98 , 
df=4 , p<0.02) though there was no significant difference 
betwAen pairs of the same sex and pairs containing both 
sexes. Of the 44 pairs of animals monitored simultan-
eously , 41 approached within 100 m of each other and 33 
approached within 50 m. At this distance (which 
approximates the accuracy of the readings) , it is believed 
that animals would probably have been able to perceive one 
another. Examples of sequential movement patterns of 
quolls ( Fig . 3 . 22) illustrate the tendency of quolls to 
avoid one another in the areas which they mutually use. 
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Fig. 3.21 The minimum nightly dis tance between 
pairs of eastern quolls which were classified 
in the same home range groups by the Twostep 
method (see Figs. 3.19, 3.20). 
N = number of nights that pairs of animals were 
recorded . 
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Mean distances between individuals changed 
seasonally (Table 3.14). The mean distance between pairs 
of animals during the breeding season (May-June) was 
signi f i antly larger than for the preceding period 
(February-April); for male-male pairs ( t=2 .8, df=l88 , 
p<0 .005), for female-female pairs ( t =3.7, df=361, p<0.005) 
and for male - fema l e pairs (t=lO.l, df=488, p<0.005). The 
l arge ma le-female mean dis tances during the breeding 
season seems remarkable but may be a consequence of 
general increases in activity (Section 5.3.4) and home 
range size and the selection of ani mals monitored 
simultaneously. Mean dis tances between animals were a lso 
l arge during Novembe r-Ja nuary when populat ion density was 
highest . 
Although the l arge mean distances between males 
during the b reeding season suggests that males were 
possibly territorial at this time , the seven males which 
were radio tracked during May - June 1981 were found to 
have overlapping home ranges; Males 53 a nd 990 were 
classified to Group 1 , Males 996 and 881 to Group 4 and 
Males 882, 399 and 344 to Group 5 (Fig . 3.19). Th e 
overl ap in the home ranges of Males 996 and 881 is 
illustrated in Figure 3.20. 
I n genera l, the large mean distances between 
animals , with similar patterns of space use suggests that 
indi vid ua l s are solitary during their night ly activity and 
poss ibly avoid one another whi le foraging wi thin similar 
regions of the study area. 
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Tabl e 3.14 Seasonal changes in the mean distances between 
pairs of eastern quo l ls classified a s groups by 
similarit i es in their utilization distr ibutions. N=number 
of distances between pairs. 
Mean Distances between Pairs of Animals 
+ 1 S.E . ( m) 
-
Monthly Male-Male Female -Female Male- Female 
Period 
Feb-Apri l 297.0 207.3 170.3 
+ 20. 5 + 11. 7 + 14 . 0 
(N = 93) (N = 202) (N = 228) 
May-June 388 .0 269 . 1 406.3 
+ 24. 3 + 12. 4 + 18.1 
(N = 97) (N = 161) (N = 262) 
July - Oct 256.5 
+ 12. 8 
(N = 154) 
Nov-Jan 396.2 311. 7 310.0 
+ 20.0 + 12.8 + 1 2.6 
(N = 59) (N = 345) (N = 384) 
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3 . 3.6 Summary of Results 
1. Horne range estimates varied according to the 
method of analysis from approx i mately 16 to 77 ha for 
males and 8 to 43 ha for females . The nonparametric 
statistic was thought to provide the most biologically 
meaningful estimate; on average, male hom e ranges were 
44 ha and female home ranges were 35 ha. Male home ranges 
were significantly larger than females . 
2 . There was a positive correlation between home 
range size and body weight for males but not for females. 
3. Male home r anges were l arge r during the breeding 
season (May-June ) than during other times of year. Female 
home ranges were slightly larger during the sum.~er when 
popu lation density was greatest. 
4. Although most quol l activity occurred in the 
pasture , the greatest intensity of activity occurred in 
woodland gullies . 
5. There was large over l ap between the home ranges 
of quolls. The intensity of space use by a n ind ividual 
was found to be gr eatest nea r its - geometric center of 
activity and decreased with distance from it . There was 
an inverse r e lationship between the inte nsity of space use 
by each resident and that of its neighbours suggesting 
that the size and shape of home ranges may be defined by 
the i nterrelationship between residents . 
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6. A numerical system o f c l assification identified 
six groups of quells having similarities in thei r 
util i zation distributions at 70% dissimilarity between 
groups . Al though the geographic location of groups 
indicated that each group was associated with particular 
woodlands and pastures , there was no strong evi dence to 
suggest that groups represented soci al units. Although 
some g roups contained relatively large numbers of related 
females , others were known to contain unrelated males and 
females. 
7. Animals classified as groups d id not appear to 
use shared space simultaneous l y . There was no evidence 
that animals moved as pairs or groups though females moved 
closer to other females than did males with other males , 
o r males with females. "Neighbourhood" is probably a 
better term than "group" in describing the clumped 
dispersion of quells at Cradoc. 
3.4 Di scussion 
Estimates of home range size and an assessment of 
the spatial organization of eastern quells in the Cradoc 
study area we~c determined from the movement patterns of 
radio tracked quells using the technique of triangulation . 
Although sound arguments have been mad e for coupling radio 
telemetry with observat ions of animal behaviour (Macdonald 
1978), the lack of night vision equipment, the adverse 
response of quolls to spotlights and the difficulties of 
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following an animal through the woods and gullies , which 
even in daylight were largely impassable, curtailed such a 
procedure in this study. Analysis of the patterns of 
space use by quells was based therefore on samples of the 
locations of groups of animals during their nightly 
activity ; these analyses provided information on the s i ze 
of the home ranges of the sexes and the spatial 
organization of the population. 
3 .4.1 Factors influencing home range size 
In addition to a large difference between the 
sexes in home range size , there was a large variation in 
the size of the home range within the sexes. This was due 
to the combination of at least two factors: a l arge 
variation in ind ividua l body weight, particularly in 
males , and seasonal events caus i ng changes in home range 
size . Body weight was found to be positively correlated 
with home range size for males though not for females ; the 
variation in weight was however considerably greater for 
males than for females and the relatively small difference 
between the largest and smallest radio tracked females may 
explain this poor correlation. The r elationsh ip between 
body weight and home range size has been attributed to 
differences in the metabolic needs of animals of different 
body sizes. A linear relationship between ba s a l metabolic 
rate (M) and body weight (W) has been described as 
M=aw0 .7 5 where " a " is a constant (Kleiber 1961; McNab 
1963) • Body weight, by influencing the rate of energy 
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expenditure, thus influences the size of the home range in 
which adequate amounts of food may be located to meet 
metabolic needs. This relationship was described as 
H=aWk where H is the home range size , W is the body 
weight, and a and k are constants (McNab 1963). In an 
examination of the home ranges of a large variety of 
eutherian carnivores, Gittleman and Harvey (1982) found a 
strong correlation between home range size and 
standardized metabolic needs (defined as w0.75 x the 
number of individuals which share a common home range). 
Although many ecological variables may also influence home 
range size, diet was found to have the greatest effect on 
home range size after effects of metabolic needs were 
removed (Gittleman and Harvey 1982). Using Schoener's 
(1968) classification of trophic levels (annual ingestion 
of animal matter being 10% for herbivores , 90% for 
carnivo~s and between 10% and 90% for omnivores) , Harestad 
and Bunnell (1979) suggested that the relationship between 
home range size (ha) and body weight (g) was H=O.llWl.36 
for carnivores and H=O. 059\-iO · 92 for omnivores . Using 
these equations for quolls (average weight of males, 
1200 g and females, 850 g), the estimate of home range 
size for quolls, if classified as carnivorous, would be 
1695 ha for males and 1060 ha for females, and , if 
classified as omnivorous, would be 40 ha for males and 
29 ha for females. Compared to the MAP(95) estimates of 
44 ha for males and 35 ha for females, it would appear 
that the relationship between body weight and home range 
size of eastern quolls conforms to that of predators with 
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omnivorous d i ets. As vegetati on represented more than 1 0% 
of the vol ume of the 539 quoll scats collect ed in the 
Cradoc study area (Fig. 2.30) , quolls appear to conform to 
Schoener's (1968) definition of an omnivore . Eutherian 
predators such as the raccoon Procyon lotor and the 
striped skunk Mephitis ~ephitis whose d iet of fruit, 
vegetables, insects and vertebrates (Sh irer and Fitch 
1970) show s i milarities to that of quolls were also 
classified as omnivores (Harestad and Bunnell 1979) . 
In addition to differences i n body weight , the 
effect of seasonal events such as changes in d iet, 
temperature, population density and behaviour may also 
have influenced home r ange size. Using rates of water 
flux to estimate metabolic rates in free - living eastern 
quells , Green and Eberhard (in press) fo und that the 
highest rates of metabolism occurred during winter 
(estimated rate during July , 1190 kj/kg0 . 75 . day) and 
lowest rates occurred dur ing summer ( estimated rate dur i ng 
February, 745 kj/kg0. 7 5 . day) . Estimated metabolic 
rates of male quolls during October was 880 kj/kg0 .7 5 . 
day. As the home ranges of quolls were small in summer 
when insect l arvae and mature insects were abundant and 
large in winter wh en larvae were scarce , there appears to 
be a positive correlat i o n between -home range size and 
metabolic rates which may be the result of food 
abundance . Unfortunately no estimate of metabolic rates 
is available for quells during the mating season 
(May-June) when male home ranges were found to be largest 
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but female home ranges were smallest (though s i milar in 
size to their h ome r anges d uring summer). Differences 
between the sexes in relative home range size during 
May-June suggests that factors other than metabolic needs 
alone influence home range size at this time. The larger 
number of non- resident male quolls compared to non-
res i dent female quolls trapped in the Cradoc study area 
during the mating season (Figs. 2.25 and 2 . 26) further 
suggests that behavioural changes were responsible for 
increases in the home ranges of males during the breeding 
season. As females had smaller home ranges than males and 
these were clumped within particular regions of the study 
area, increases in male home ranges may have increased the 
opportunity of encountering oestrous females by frequenting 
many regions during the breeding season. Similar 
increases in male movements during the breeding s eason 
have been described for other predatory species such as 
stoats Mustela erminea (Weir and Rowlands 1973; Erlinge 
1977b), minks Mustela vison (Marshall 1936; Gerell 1970), 
wease ls Mustela nivalis (Erlinge 1974) , and brown 
antechinuses Antechinus stuartii (Braithwaite 1973) . 
Erlinge ( 1977b) suggested that selection may favour males 
which monopolize an area containing many breeding females. 
Home ranges of female quolls were l argest during 
November-January when population density was greatest . 
Green and Eberhard (in press ) estimated that females in 
late lactation (October) had higher rates of metabolism 
(1400 kj/kg0.75 . day) than quolls at any other time of 
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year. Although high metabolic needs may partially explain 
increases in female home ranges during early November , the 
mammary glands of breeding females had completely 
regressed by the end of November . The large volume of 
insect larvae and mature insects in quoll scats during 
November-January ( Fig . 2 . 31) indicated that food was 
available , even if greater forag i ng effort was required 
due to increased numbers of quells in the population at 
this time. 
I n general, home range size appears to reflect 
the metabolic needs of eastern quel l s . Increases i n home 
range size i n males during the mating season and in 
females during the period of high population density 
suggests that behaviour may also influence home range size. 
3. 4. 2 Spatial organization: (a) Home range overlap 
The popular view of the eastern quoll as a 
solitary mammal (Marl ow 1962) was supported by the present 
study. Because direct observations were not made of 
animals wearing collars , descriptions of animals as 
'solitary ' are based on the fact that radio collared 
animals did not move together. As relatively few animals 
were monitored simultaneously (usually groups of six), it 
is possible that radio collared quolls were accompanied by 
animals not wearing collars . However as 125 combinations 
of pairs of quolls were tracked, and not one pair spent 
the night moving close to another, ' solitary ' is probably 
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a fair estimate of the movements of individuals . In 
addition, of the 46 adul t and juvenile quolls observed by 
spotlighting between August 1978 and June 1981, a ll of the 
32 adults were solitary. The 14 juveniles observed in the 
wild consisted of five solitary animals, three pairs and 
one group of three . As juveni les were not radio tracked , 
because of the danger of a g r owing j uvenile strangling 
itself on the collar as it became adult (should I fail to 
retrap it) , the spatial relationships between juveniles, 
and adults and juveniles in the wild was not i nvestigated. 
The large overlap in the home ranges of 
residents, both within and between the sexes , indicated 
that quolls did not occupy ind ividual territories nor even 
exclusive core a r eas , as for example occurs in stoats 
Mustela erminea and weasels Mustela nivalis (Lockie 1966; 
Erlinge 1974, 1977b). Nor was there evidence that pairs 
or groups of animals jointly occupied territories as 
occurs for example in European badgers Meles meles (Kruuk 
l 978a) . Absence of territoriality in quolls at Cradoc may 
be due to the economics of defending food r esources (Brown 
and Or i ans 1970; Davies 1978). Qualls were found to be 
opportunistic predators for which seasona l ly available 
insects r epre sented a major food resource. Insect larvae 
were abundant during the summer (Fig . 2.3 1) and were 
distributed throughout the pastures in small patches , 
corbies Oncopera sp. forming more-or-less stationary 
patches around their vertical tunnels (Section 2.3.4 . 1) 
and armyworms Persectania ewingi moving in small groups 
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throughout the pastures . Although there were fluctuations 
in their relative abundance from year to year and 
agricu l tur al p r actices affected their overall distribution , 
i t may be pr edicted that i ntimate knowledge of the areas 
in wh ich larvae occurred would have favour ed small home 
ranges of quells at Cradoc and perhaps territorial 
defence . During the summer however , other food resources 
such as cockchafe r beetles Aphodius sp . and fruit of the 
blackberry Rubus fruticosus became available which would 
have i nterrupted the cost- benefit of defending areas of 
pasture . Because beetles and b l ackberri es were in great 
abundance , albeit for a short period of time , the costs of 
defending an area rich in r esou r ces may have outweighed 
the benefits derived from their defence (Davies 1978) . 
Blackberry bushes were distributed almost exclusively along 
the gullies; as a clumpe d resource peripheral to the 
pastures , quolls which harvested this concentrated food 
type would have had to leave thei r 'territories ' in the 
pasture undefended. By Ma r ch - April , most larvae had 
pupated or completed adult emergence ; with the decrease i n 
l a rvae ava ilability , quolls increased their foraging 
activity within the woods (Table 3 . 8) possibly as a 
consequence of increased effort spent hunting small 
mammal s o r ground-nesting birds , or foraging for leaf-
eat ing beetles such as Paropsis sp . 
- -- ---
Switching from one 
food type to another may therefore have entailed a change 
in the frequency of habitat use . This would have resulLed 
in an increase in the s i ze or shape of the home range and 
probabl y an increase in the ratio of the border to surface 
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area. It is likely that exclusive territories under these 
circumstances would have been uneconomical . Due to the 
opportunistic pattern of feeding exhibited by quolls and 
their reliance on seasonal food resources, the 
unpredictability of both the abundance and distr i bution of 
resources may offset any advantages of joint exploitation 
and defence of a large range . 
When resources are in short supply, 
territoriality may be advantageous to an individual by 
ensuring exclusive use of these resources (Pianka 1974), 
given that the temporal or spatial distribution of these 
resources are economically defensible (Brown and Orians 
1970). For generali zed predators of seasonally abundant 
prey items, mutual avoidance between residents may suffice 
to reduce interference competition . The negative 
correlation between the i ntensity of space use by resident 
quolls and their neighbours at Cradoc, and the large 
inter-individual distances between residents in the areas 
of home range overlap , suggests that quolls were aware of 
the dispersion patterns of their neighbours and adjusted 
their patterns of activity to minimize contact. Morse 
(1980) suggested that the maintenance of minimum distances 
between neighbours while foraging increased the efficiency 
of resource exploitation by reducing the frequency of 
hostile encounters. Avoidance behaviour between animals 
with overlapping home ranges has been described for many 
species; fo r example, eastern chipmunks Tami~~ striatus 
were found to move in a manner to minimize confact between 
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residents with overlapping home ranges and to avoid one 
another's core areas (Getty 1981); groups of gray cheeked 
mangabeys Cercocebus albigena with overlapping home ranges 
displayed mutual avoidance (Waser 1976); and raccoons 
Procyon lotor maintained minimum distances of about 120 m 
(Mech et al. 1966; Schneider et al. 1971) in areas of home 
range overlap. Leyhausen (1971) suggested that avoidance 
behaviour was an important mechanism in mammalian spacing 
systems by allowing spatial time-sharing (i.e. the use of 
the same space at different times). Spatial time-sharing 
among resident quells would have permitted mutual access 
to seasonally abundant resources by minimizing 
interference competition. 
( b) 'Neighbourhoods' of eastern quolls 
Using association and cluster analysis, the 38 
radio tracked quolls were found to form 'neighbourhoods' 
based on the regions in which they were most commonly 
located. Association and clustering strategies for 
detecting groups of organisms has long been used in the 
fields of taxonomy and vegetation analysis (Williams and 
Lambert 1961; Sneath and Sokal 1973; Pielou 1977) . The 
immense variety of strategies are discussed and compared 
in works by Gower (1971), Sneath and Sokal (1973), 
Williams ( 1971) and Morgan et al. ( 1976). These methods 
have also however been used in animal behaviour studies 
(Altmann 1963; Golani 1973; Maurus and Pruscha 1973; De 
Ghett 1978; Dawkins 1976). The use of nearest-neighbour 
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association analysis has been used for analyzing age-sex 
relationships within populations (Koeppl et al . 1979) for 
both synchronic and allochronic time frames (Koeppl et al. 
1 981). The disadvantage of this method lies in 
determining the relationships between individuals on the 
basis of their geometric centers of activity, which as 
discussed by Dixon and Chapman (1980), may be far removed 
from their biological centers of activity. Another 
approach to analyzing relationships between individuals is 
ordination. In the field of vegetation community analysis 
controversy exists as to the appropriate use of ordination 
as opposed to association and cluster analysis (Greig-Smith 
1964; Anderson 1965; Kershaw 1973). However, Anderson 
(1965) suggests that neither method is inherently better 
and both should be accepted as tools for revealing 
possible relationships between species, or individuals . 
The Twostep method, while new to the field of numerical 
cla ssification (Austin and Belbin 1982) provided a 
sensitive measure of the spatial relat ionships between 
animals by calculating separately the relative similarity 
between pairs of animals (i. e. producing an asym~etric 
table of the r elationships between pairs ) . As the method 
was designed to recognize "similar ecological tole rances" 
between plant spec i es (Austin and Belbin 1982) , quolls 
classified as groups could be said to show behavioural 
tolerances in their frequency of space use. Although 
statistical confidence was not attached to groups detected 
by the Twostep method of association analysis (Section 
3.2.4.4.2), the possible biological s ignificance of groups 
could be examined. 
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Using the Twostep method, six ' neighbourhoods' of 
quolls were detected at 70% dissimilarity between groups; 
each 'neighbourhood' occupied a particular region of wood 
and pasture within the Cradoc study area . Within these 
groups there were few pairs or groups of animals which had 
high levels of similar i ty in their home range patterns, 
indicating that groups did not represent socially cohesive 
units such as packs of banded mongooses Mungos mungo (Rood 
1975) or coatis Nasua narica (Kaufmann 1962; Smythe 1970) 
which moved together throughout their communal home 
range. Mean and minimum distances between pairs of quolls 
classified to particular groups or ' neighbourhoods' 
indicated that animal s avoided one another in their areas 
of overlap; this also supports the idea that 
' neighbourhoods ' were not socially cohesive units , at 
least while animals were foraging . Groups conta i ned more 
male-female combinations than female-female or male- male 
combinations, and more female- female than male-male 
combinations (Table 3.11) . The relatively low number of 
male-male associations and the large inter- individual 
distance between males classified within a group suggests 
that home range overlap between males was perhaps 
coincidental and a consequence of the association between 
males and females. If ' neighbourhoods' were meaningful 
social divisions of the population then the y were based on 
the relationships between females and b e tween males and 
females. In several cases , females within 
to he:. 
'neighbourhoods ' were knownAor suspected of being 
related. Familiarity both with the habitat and other 
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females (siblings) may have enhanced the recruitment of 
females into the area currently or previously occupied by 
the mother. The relatively short life span of females 
(usually one to two years) may favour the tendency of 
their daughters to remain within the vicinity of their 
birth place . A similar pattern of recruitment was 
suggested by Erlinge (1977b) to occur in stoats Mustela 
erminea. 
Regional division of the population into 
'neighbourhoods ' may represent a method by which residents 
are able to become familiar with one another in 
establishing a home range. If the inverse relationship 
between the intensity of space use by resident quolls and 
their neighbours was based on familiarity , mutual 
avoidance or spatial time-sharing, then some limit may 
exist on the number of other residents that each resident 
normally encounters and learns to avoid. If social 
behaviour plays a role in population regulation, then 
'neighbourhoods' may represent the units by which such 
processes as recruitment and dispersal are effective. 
In general, quolls exhibited a spatial 
organization that one might expect for a nocturnal , 
opportunistic predator which exploits s easonally abundant 
resources which are unpredictable in space or time. 
Although resident quolls were found to have overlapping 
home ranges, they exhibited large inter- individual 
distances and avoided the areas where their neighbours 
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were most active. Solitary behaviour in overlapping home 
ranges has been described for many eutherian generalist 
predators such as striped skunks Mephitis mephitis (Verts 
1967) , spotted skunks Spilo9ale putorius (Crabb 1948), and 
raccoons Procyon lotor (Stuewer 1943 ; Urban 1970; 
Schneider et~ · 1971) as well as generalized marsupial 
predators such as opossums Didelphis mars~pialis (Holmes 
and Sanderson 1965) , southern brown bandicoots I soodon 
obesulus (Gordon 1974), Tasmanian devils Sarcophi lus 
harrisii (Guiler 1970) and fat - tailed dunnarts Sminthopsis 
crassicaudata (Morton 1978a). Where territorial defence 
of resources is not economical , spatial time-sharing and 
mutual avoidance between residents may play an important 
role in minimiz i ng interference competition. The division 
of the population of quolls at Cradoc into 'neighbourhoods ' 
of soli tary residents , which at least for females may be a 
consequence of family relationships, suggests that social 
behaviour may influence the spatial organization of the 
population. 
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Chapter Four 
DENNING BEHAVIOUR IN EASTERN QUOLLS 
4.1 Introduction 
Eastern quells have been recorded denning in dense 
undergr owth, hollow logs , small caves and rock piles , under 
buildings and underground (Fleay 1935; Troughton 1941; 
Green 1967). No investigation of den behaviour has 
previously been made in this species. 
Because sites of refuge are a vital resource for a 
mammal , th e availability of den sites and the behaviour 
associated with their use are important aspec ts of t he 
spatial and social organization of a population. Dens a re 
important as sites fo r a) daily refuge b) birth and/or 
rearing of young c ) protect ion against predators d) social 
contact, and e) thermoregulation (huddling or h ibernat-
ion). Because of the diversity of their functions, dens 
may provide a sensitive measure of social relationships 
b etween individuals throughout the year. Analysis of 
movements or foraging patterns alone may provide a weak , or 
even misleading, indication of social organization. For 
example , predators of small mammal s and insects , such as 
the Cape grey mongoose Herpestes pulverulentus and the 
yellow mongoose Cynictis ~nicillata, tend to be solitary 
hunters; in the se species, however, animals share dens as 
family groups (Ew e r 1973) . Communal dens, which are 
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associated with social species, are believed to p rovide 
better protection from predators than a series of small 
individual burrows (Ewer 1973; Rood 1975). In comparison, 
animals which are observed to have overlapping feeding 
areas may be territorial around their dens. The otter Lutra 
lutra was found to have overlapping home ranges where they 
foraged along a coast but exhibited territorial behaviour 
in the spacing and marking of their dens (Kruuk and Hewson 
1978). 
Seasonal changes in behaviour may also be 
reflected in den use. During the breeding season, animals 
may become territorial around their dens~ for example, the 
red fox Vulpes vuloes becomes seasonally t erritor i al around 
the dens of breeding vixens (Burrows 1968) . In contrast, 
the coati Nasua narica normally shares communal dens as 
family groups or clans; females, however, leave the band 
to den alone while giving birth and rearing young (Kaufmann 
1962). Seasonal change s in den use may also reflect 
strategies for conserving energy. Den sharing in raccoons 
Procyon lotor occurs during the winter months only; during 
the rest of the year animals den alone and avoid one 
another in their o v erlapping home ranges (Stuewer 1943; 
Mech et al . 1966). 
As den behaviour is an integral part of the social 
system of mammals it may provide information on 
relationships between animals which may not be apparent 
from their movement patterns. The analysis of home range 
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patterns of quells based on their nightly activity 
indicated that animals were solitary but that associat i ons 
of animals could be recognized on the basis of the amount 
of overlap in their use of space. If 'neighbourhoods' of 
quolls were due to familiarity between animals, then den 
behaviour may play an important role in the organization of 
the population. 
4.2 Methods 
Quoll dens were generally cryptic and an 
assessment of their locations and frequency of use could 
not have been possible without radio telemetry. Because of 
this, an analysis of the denning habits of quolls was based 
solely on the 40 animals which were radio tracked (Section 
3.2.1). A hand- hel d directional 'H' antenna was used in 
conjunction with a 12-channe l receiver (S ection 3.2.1). 
Den locations were marked as x, y co-ordinates on a 
topographical map. The habitat around each den was 
described and three dens were excavated to determine their 
internal structures. 
On the basis of the dens occupied by each 
individual and the frequency of use of these dens , the 'IWo-
step method of class ificat ion (Austin and Belbin 1982) was 
used to determine which animals showed similarities in 
thei r den habits. A comparison was then made of the g roups 
of animals classified by similarities in their patterns of 
den use and home ranges. 
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Den behaviour of captive animals was based on four 
unrelated adults and six juveniles in an enclos ure a t the 
University of Tasmania. From July to October 1979, six den 
boxes were availab le for the two adult males and two adult 
females , one of which had six pouch young . In November 
1979, four boxes were added to the enclosure to ensure tha t 
each individual had access to an unoccupied den . 
4 . 3 Results 
4.3 . 1 Distribution and description of quoll dens 
Forty animals were radio- tracked to their dens for 
a total of 585 animal-den records between April 1980 and 
June 1981 . In total , 85 dens were located within an area 
of approximate ly 355 ha ( excluding ponds, r oads etc.) (Fig . 
4.1) . As most of the dens were associated with woods and 
woodland gullies (Table 4.1) , dens tended to be cl umped 
within the study area. The density of dens in the 
different habi tat types varied from 0 . 04 dens/ha in 
pasture , 0.37 dens/ha in woods and 1 . 2 dens/ha i n woodland 
gullies (Table 4.1). There was thus an obvious preference 
for woodland gull i es . 
To dete rmine whether the dens within gullies were 
randomly distributed, distances between nearest-neighbo ur 
dens were measured for the 30 dens occurring in gullies at 
Cradoc. The distribution of these distances was compared 
with the distribution of nearest- neighbour distances 
between points which were randomly spaced within these same 
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Fig . 4.1 (a) Distribution of eastern quoll dens 
in the Cradoc study area, 1980-1981. 
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Fig . 4.1 (b) Distribution and relative frequency of 
dens within 0.42 ha grid cells of the Cradoc study 
area. Total number of dens = 85 . Maternal dens 
are those used by females rearing young. Dots within 
a grid cell indicate the number of maternal dens within 
an area of 0.4 2 ha . 
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Table 4.1 Description of dens of eastern quolls and their 
density in the different habitat types in the Cradoc study 
area. 
Number of Dens in each Habitat Type 
Woods Total 
Pasture (not Woodland Number % 
a) Description of Den 
Underground dens: 
entrance to den via: 
logs 
tree roots 
blackberry b ushes 
or thickets 
direct (none of 
the above) 
Dens in natural rock/ 
boulder piles or 
formations 
Dens in man-made 
structures : 
dumps 
bulldozed mounds 
of earth etc . 
felled trees/ 
brush piles 
haysheds (in 
or under) 
TOTAL 
2 
l 
3 
3 
9 
b) Densitz of dens in different 
habitat types: 
Area of habitat 
type (ha) 
Density of dens 
(dens/ha ) 
205 
0.04 
Gullies ) Gullies of Dens 
11 
8 
2 
7 
6 
4 
6 
2 
46 
125 
0.37 
28 
2 
30 
25 
1. 20 
11 
8 
32 
10 
6 
4 
6 
5 
3 
85 
3 55 
0 . 24 
12.9 
9.4 
37.6 
11. 7 
7.1 
4 .7 
7.1 
5.9 
3 . 5 
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gullies. The co- ordinates of the random points were 
obtained from a calculator which generated random numbers 
within specified boundaries ; only points which fell within 
the habitat described as gullies in Figure 3.13 were 
included. Thirty points were plotted and the distance 
between nearest- neighbours was calculated; this was 
repeated three times and the mean distribution was 
determined (Table 4 . 2) . There was no significant 
difference between the distribution of quell dens along 
gullies and a random distribution (lumping d istances 
greater than 50 m, x 2 = 0.35, df = 2 , ns). Thus, there 
was no evidence that there was a spacing- out mechanism 
between quells on the basis of the locations of their 
dens . Of the 85 dens, 61 (71 .7%) were subterranean; six 
(7.1%) were associated with natural rock formations and 18 
(21.2%) were in man- made structures (Table 4 . 1) . All of 
the 30 dens l ocated in gullies were subterranean and 2ci 
(93 . 3%) were situated beneath blackberry bushes . 
Although small blackberry bushes occurred in the 
pastures and woods , the large thickets of blackberries were 
mostly confined to the gullies due to the activities o f the 
farmers (control burning of blackberries i n the woods and 
slashing in the pastures). The high density of dens in 
gu llies and the presence o f blackberries in gullies 
suggests that the association was not coincidental . An 
inspection of the soil structure beneath blackberries 
revealed that it was fine and loose, unlike the compact 
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Table 4.2 Nearest neighbour distances between eastern 
quoll dens in gullies in the Cradoc study area. 
Distance between 
Nearest-Neighbour 
Dens in Gullies 
( m) 
0-25 
25-50 
50-75 
75-100 
100 
Observed Percent 
Frequency of Nearest-
Neighbour Distances 
Between Dens in 
Gullies 
(N=30) 
36.6 
33.3 
1 0.0 
1 0. 0 
10.0 
Expected Percent 
Frequency of 
Nearest-Neighbour 
Distances Between 
Dens in Gul lies 
if Randomly 
Distributed 
(N = mean of 3x30) 
35.3 
37.0 
17.6 
4.1 
4.1 
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surface -layer of soil typical of the open woodland areas. 
There was only one soil type at Cradoc, sand loam over 
Permian mud stone ; there was however considerable 
variation in soil compaction and the density of rocks in 
the soil throughout the study area. As cattle and sheep 
used the woods for refuge during harsh weather, the top 
soil layer was considerably compa cted by their trampling. 
In addition, the soi l in the woods was generally rocky and 
my attempts to dig holes with a trowel were laborious. As 
conditions suitable for digging would influence den 
distribution, i t is likely that the high density of dens in 
gullies is related to the presence of blackberry thickets. 
The use of rotting tree roots for penetrating the 
upper compact so i l layer was recorded f or 13 .1% of the 
subterranean dens. One of three dens which was excavated 
at Cradoc (Fig. 4.2a) used a burnt and rotting tree root as 
a tunnel into the earth. This den, which was located in 
the Far Field Woods, consisted of an enlarged nest area 
approximately midway between two entrances. A second den, 
l ocated in the Main Woods , consisted of a circular passage 
with two den 'hollows' and a single ent r ance , and was 
situated beneath a very dense thicket of blackberries and 
prickly mimosa (Fig. 4.2b). Although the soi l was soft and 
manageable , the roots of the veget~tion were tough and 
sinewy a nd the tunnel of the den was constructed to avoid 
them. 
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The most complex of the three dens was located in 
the Burnt Woods and was only partially excavated (Fig. 4.3). 
It consisted of at least three nest areas connected by 
winding tunnels. Two of the nests were lined with dried 
grass. Although the entrance to the den was through the 
end of a hollow log, the den itself was beneath the l o g . 
Despite the large number of rotting logs in the study area, 
and records of quolls using logs for dens (Fleay 1935), no t 
one of the 85 dens located at Cradoc was within a log. It 
is possible that in areas where soil is unsuitable for 
digging animals may make use of logs as dens. A feature of 
the den which was similar to that described in dens of 
otters Lutra lutra (Erlinge 1967) was a latrine at the 
terminal end of one tunnel. As this den was known to hav e 
housed a female and her six young it is possible that t hi s 
latrine was used by the young. Defaecation of captive 
young in a corner of their nest boxes was a common 
phenomenon; although adult females would not r e move f a ecal 
pellets, they would build a grass lining between the 
droppings and the central position of the nest. 
Al t hough it is not known why de ns varied in 
complexity, the suitability of the soil, the location and 
popularity of the den and its use by femal e s r earing young 
may all have influet'.ced its constr_uction. There was no 
evidence that quolls used the burrows of r abbits 
Oryctolagus c u niculus though there were few of the se i n the 
study area. The use of brush piles and fallen trees for 
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dens reflects the opportunistic and adaptable denning 
behaviour of quolls. 
4.3.2 Den Occupation 
Twenty males were recorded on 231 occasions and 
occupied 55 dens . The mean number of dens used by a male 
was 4.2 + 0.5. Twenty females were recorded on 354 
occasions and occupied 40 dens . The mean number of dens 
used by a female was 4. 6 + 0.6. There was no s ignificant 
difference between the sexes in the number of dens occupied 
(t = 0.96, ns), nor was there any difference in the number 
of dens used by males or females (Fig. 4 .4). 
As indivi duals were monitored for different 
periods of time, the number of den records for each animal 
ranged from 5 to 38 ; the mea n number of dens per 
animal was 14.1 + 1.38. A regr ess ion of the number of dens 
occupied by each individual against the number of den 
records for that animal revealed a positive correlation 
(r = 0.67, df = 38, p<0.001) (Fig. 4.5). Because of this 
r elationship, values such as the mean number of dens per 
individu a l, provide only an estimate of den use. 
In general, quolls were found to occupy more t han 
one den and as many as 12 . An estimate of den preference 
was calculated as the number of times an animal favoured 
one den, expressed as a percent of the number of dens known 
to be used by that individual. There was little indication 
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that either sex had a strong preference for one den 
(Fig. 4.6). Only two males and three females were found to 
occupy just one den on all the ir den records during the 
study. 
However, females restricted themselves to one den 
from July-August to Nov ember while rearing young which were 
too large to be carried in the pouch (Fig. 4.7). Ten 
materna l dens, defined as those dens used for rearing 
young , were l ocated during the study and , as they occurred 
in the gullies, the distribution of maternal dens was 
similar to the general pattern of den distribution 
(Fig . 4 .1 ). The mean distance between nearest-neighbour 
dens for six mate rnal dens which were located i n the Old 
House Gully was 31.7 + 0.1 m; the smallest distance was 
13 m. Although the dense vegetation in the gullies and the 
topography of the creeks may mean that straight-line 
distances between dens are not a biologica lly meaningful 
measure of the spacing patterns of dens, the distribution 
of maternal dens suggests that female guolls will tolerate 
other breeding females in cl ose proximity to one another . 
Du rin g the mating season (June) , males tended to 
occupy fewer dens than other months (Fig. 4.7). As there 
was large individual variation, th~re was not a 
s ignifi cant reduction in the number of dens used by mal es 
at this time . 
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Continuous use of dens was calculated by 
determining the mean number of consecutive r ecords that an 
animal was found in the same den during a radio-telemet ry 
session ; only sessions where animals wer e monitored for 
eight or more records were considered (Table 4.3). 
Generally records of den occupation were taken every one to 
four days; in some instances consecutive den records were 
collected as much as a week apart. Thus, values in 
Table 4.3 are only estimates of the amount of continuous 
time an an imal spent in one den . In general, males were 
found in the same den for 2.9 + 0.6 records. Females used 
the same den for an average of 2.4 ~ 0.2 records ; thi s 
estimate was based on female den use between December 1980 
and June 1981 and thus el iminates the effects of a 
reduction in den use while females were rearing large 
young . There was no significant difference between the 
sexes in the amount of cont inuous use made of the dens they 
occupied. 
Of the 85 dens found at Cradoc , 25 (29.4%) were 
known to be used only once (by a radio tracked animal); 36 
(42 .3%) were known to be occupied on more than five 
occasions (Fig. 4.8). The number of times a den was use d 
by quolls is not to be confused with den sharing ; den 
sharing is defined as the simultan~ous occupation of a den 
by two or more individuals . As the frequency of use of a 
den is based on the number of animal -den records, it 
includes both simulta neous and sequential use by den 
occupants; as such, it reflects the popularity of the den 
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Table 4.3 Mean and maximum number of records of 
consecutive den use by eastern quolls in the Cradoc study 
area , 1980-1981 . Only sessions with greater. than eight 
consecutive records were included in the analysis. 
(a) Males 
Animal Number. of Number Mean Number Maximum 
Numbe:r. Consecut i ve of Dens of Record s Number of 
Records of Consecut- Records of 
i ve Den Use Consecut i ve 
Den Use 
344 8 3 2. 6 4 
399 8 4 2. 0 5 
422 8 2 4. 0 7 
4449 11 3 4.0 8 
1 0 5 2.0 4 
447 1 3 5 2.6 5 
550 10 2 1. 0 1 
13 4 3.2 7 
633 8 4 2.0 5 
18 8 2.2 9 
12 4 3.0 8 
644 12 5 2.4 5 
711 12 1 12. 0 12 
881 10 6 1. 7 4 
882 8 6 1. 3 2 
990 8 3 2.7 4 
996 1 0 8 1. 2 2 
(continued next page) 
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Table 4.3 (continued) 
(b) Females 
Female den use was e xamined from December 1980 to June 
1981 i this eliminates restricted use of dens by females 
while rearing young. 
Animal Number of Number Mean Number Maximum 
Number Consecutive of Dens of Records Number of 
Records of Consecut- Records of 
ive Den Use Consecutive 
Den Use 
022 8 3 2.6 4 
29 12 9 1. 3 2 
033 12 6 2.0 4 
41 8 3 2.6 6 
044 12 7 1. 7 4 
81 8 2 4.0 7 
15 5 3.0 7 
85 8 6 1. 3 3 
114 34 8 4.2 13 
144 12 4 3.0 6 
222 15 7 2.1 4 
224 13 8 1. 6 4 
332 25 14 1. 8 5 
339 12 6 2.0 3 
8 4 2.0 4 
533 10 2 s.o 6 
778 11 6 1.8 5 
885 11 7 1. 6 4 
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(Fig. 4.1). As the calculation of the frequency of den use 
may be biased by animals with large sample sizes and 
includes the effect of seasonal differences in denning 
behaviour, the number of animals known to occupy each den 
was calculated (Fig. 4.9). Of the 85 dens, 52 (61.2%) were 
found to be used by only one individual; 10 dens (11.7%) 
were occupied by five or more quol ls (on the basis of both 
sequential and simultaneous den use). One den was used by 
11 individuals. This popular den was the same one which 
was occupied for 75 animal-den records (Fig. 4.8) and was 
loca ted in a gully in the center of the study area (in 
Fig. 4.1, it is identified with an * but is scaled down in 
this figure due to scaling constraints). On average each 
den was used by 2.1 ~ 0.2 quolls. 
Of the 25 dens which were used only once, 17 were 
occupied by males and eight by females. Dens which were 
used only once were generally man-made structures such as 
piles of brush and newly felled trees. Although there was 
no significant difference between the numbers of males and 
females occupying these temporary dens, there was a greater 
tendency towards this behaviour in males. 
To determine whether the occupancy of a den by one 
sex infl uenced future use of the d~n by the same or the 
opposite sex , the number and sex of the occupants of each 
den were examined (Table 4.4). There was no significant 
difference between the number of dens occupied by a single 
male and a single female, the number which were · used by 
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Table 4.4 Composition of eastern quolls which sequentially 
or simultaneously occupied the same dens in the Cradoc 
study area, 1980-1981. 
Number and Sex of Den Occupants Number of Dens % 
1 male 27 31. 7 
1 female 25 29.4 
>l male 7 8.2 
>l female 6 7. 1 
both sexes: 
1 male - 1 female 4 4.7 
1 male - >l female 7 8.2 
>l male - 1 female 4 4.7 
>l male - >l female 5 5.9 
TOTAL 85 
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several males and several females or the number occupied by 
combinations of males and females. There was thus no 
indication that use of a den by one sex influenced the use 
of this den by the other sex. 
4. 3 . 3 Distance between dens and the relationship between 
dens and the home range 
The average straight-line distance between 
consecutive dens occupied by males was 318.0 + 37.l m, and 
was 261.3 + 39.1 m for dens occupied by females. Despite 
the trend towards males moving greater distances between 
their dens (Table 4.5) there was no significant difference 
between the sexes. 
There was considerable variation in the maximum 
distance animals moved between dens (Table 4 . 5). Although 
the greatest distance between dens for most anima ls was 
less than 0.5 km, one female and four males were known to 
travel almost one kilometre between dens , and one male was 
recorded moving just over a kilometre between consecutive 
dens. 
The distribution of dens used by males and females 
was compared by determining the nu~ber of woodland regions 
in which their dens occurred (Fig. 4.10). Most females 
occupied dens which occurred in only one woodland region; 
dens used by males were distributed in two or three regions 
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Table 4.5 Straight-line distances between consecutive dens 
of male and female eastern quolls. Only animals which 
occupied more than three consecutive dens during a 
monitoring session wer e included in the analysis 
a) Mean Straight-line Distance 
Between Consecutive dens (m) 
0 - 100 
1 00 - 200 
200 - 300 
300 - 400 
400 - 500 
500 - 600 
600 - 700 
Mean Distance 
Between Consecutive 
Dens + 1 S.E. 
b) Maximum Straight-line 
Distance Between 
Consecutive Dens (m) 
0 - 250 
250 - 500 
500 - 75 0 
750 - 1000 
- 1000 
Number of 
Ma l es 
1 
3 
6 
2 
3 
1 
1 
318 . 0 
+37 . 1 
4 
5 
3 
4 
1 
Number of 
Females 
1 
7 
3 
1 
2 
2 
0 
261.3 
+39.1 
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(Fig. 4.10). Dens of males had a significantly more wide-
spread distribution than females (comparing the number of 
dens in one r eg ion against the number in more than one 
region , x2 = 5.01, df = 1, p<0.05). 
The relationship between the home range of the 
individual and the dens it occupied was inve stigated by 
measuring the distance between each den and the geometric 
center of activity of its home range. For male s the mean 
distance between the dens and geometric center of activity 
was 351.8 + 38.4 m; for females, it was 213.6 + 23.6 m. 
Dens used by females were significantly closer to the 
geometric center of their home ranges than were dens used 
by males ( t=3. 02, df=38, p < 0. 005). As most quoll activity 
occurred in the pastures and as most dens were distributed 
in the woods and gullies , dens were generally on the 
periphery of the home ranges of quolls (F i g . 3.20). The 
dens of males, especially , were often considerable 
distances from th e areas where they were found to be active 
(e.g. Males 881, 996, 75 and 550). Male 711 (not 
illustrated) occupied only one den for 12 records; this 
den was situated 750 rn (straight-line distance) from the 
geometric center of activity of his home range. Movement 
between his den and the pasture where most of his activity 
was recorded was a l ong the Burnt Wood Gully. As desc ribed 
in Chapter 2.2 and Figure 2.2, gullies caused both loss and 
distortion of signals . It is believed that the paucity of 
telemetry points between dens and feedi ng areas is due to 
the tendency of quolls to use gullies as corridors through 
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the study area. In addition, it appeared that quolls moved 
rapidly from thei r dens in the woods to the pastures 
suggesting that food resources were not abundant in the 
immediate vicinity of their dens. The distribution of 
dens, with respect to the home ranges of quolls 
(Fig. 3.20), indicates that size of the home ranges wa$ 
underestimated. 
In general , distances between dens, the number of 
regions in whi ch dens occurred and the rel ationship between 
den sites and home ranges indicated that females were more 
sedentary than males. This agrees with the findings of 
Chapter 3 that f ema les hav e sma ller home ranges and a more 
localized pattern of movements than males. 
4 • 3. 4 Den sharing 
Den sharing was found to occur on 44 days; 21 
(52.5%) of the 40 radio tracked quolls shared dens on 97 
(16. 6%) of the 585 animal-den records . Eleven females 
shared dens for 75 (21.2%) of the 354 female - den records; 
10 males shared dens for 22 (9.5%) of the 231 male-den 
recor ds. Den sharing occurred in significant l y more 
female - den r ecords than ma le-den records <x2=10.l , df=l, 
p <0.01). 
Den sharing occurred between pairs and among 
groups of an i mals (Table 4.6). Statistical comparisons of 
the proportions and compositions of the pairs and groups 
Table 4.6 Den sharing in eastern quolls in the Cradoc study area, 
1980-1981. N=number of records of den sharing ; %=frequency of den 
sharing as a percent of the number of records when animals were 
monitored concurrently. 
Female - N % Female - N % Male- N % Combination N % 
Female Male Male 
114-533 5 33.3 114-633 8 40.0 990-882 1 12.5 114-533-550 1 6 .7 
r-1 114-339 3 25.0 114-550 1 3.8 881-4449 1 10.0 114-222-633 1 6.2 
l.O 114-144 2 16.7 339-344 1 12.5 633-322 1 12.5 114-144-339 2 16.7 
N 114-222 1 6 . 2 41-422 1 12.5 41-85-81 2 25 . 0 
339-144 3 18.7 81-446 1 10.0 114-144-339- 1 8.3 
339 -533 1 8.3 222-550 1 6.2 332-633 
41-332 1 12.5 
41- 45 1 12.5 
41-224 1 12.5 
81- 85 2 12.5 
81-224 1 12.5 
Total 21 13 3 7 
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was not attempted as different combinations of males a nd 
females were monitored for different periods of time. 
However, as a measure of the frequency with which pairs or 
groups of animals shared dens, the number of records of 
communal den use for a pair or group was expressed as a 
percent of the number of den records recorded for these 
animals during the period;,, ..,;.,(Ji they were monitored 
concurrently (Table 4.6). For different a ssociations of 
animals, den sharing ranged from 4 - 40% of their mutual 
records, with an average of 14.4%. Generally six animals 
were radio tracked during a session; as the mean number of 
animals known to be a live during the months from April 1980 
to June 1981 was 60.4, less than 10% of the population was 
ever monitored simultaneously . It may be presumed 
therefore that den sharing was more common than determined 
by the radio telemetry studies. 
Females shared dens with other females as pa i r s or 
groups, with or without the presence of a male, on 28 
(63.6%) of the 44 r ecords. In comparison males shared with 
other males on only 3 (6 . 8%) of the records and males 
shared with females on 16 ( 36.4%) of the r ecords. Pairs 
occurred on 37 (84.1%) occasions and were more common than 
groups. Only one group of more than three an i mals was 
recorded (Tab l e 4 . 6). 
Den sharing indicates either (i) there was a 
positive association between particular i nd ividuals or (ii) 
these were dens which were popular and thus den. sharing was 
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coincidental rather than intentional. As dens may contain 
several nests, animals sharing dens may not necessarily 
have been sharing nests within dens. In either event, den 
sharing involved some combination of familiarity and 
tolerance between communal den occupants. Of the 44 
records, two pairs were known to be related animals. Males 
633 and 322, as sons of Female 45, were brothers. Female 
41 and 224 were known to be a mother and daughter. If 
Females 41, 45, 81 and 85 were related, as was suspected by 
their trap records as juveniles, then three more records 
involve den sharing among family members. Unrelated 
animals were also found to share dens; Female 222 was the 
known daughter of Female 85 and yet was found sharing a den 
with Female 114 on one occasion and with Female 114 and 
Male 633 (who were also unrelated) on another. Female 339 
was the daughter of Female 85 and was found sh aring a den 
with Male 344, the son of Female 41. In general, den 
sharing was f ound to occur between related and unrelated 
individuals. 
Three animals , Females 114 and 339 and Male 633, 
occurred in 23 (56.8%), 11 (25.0%) and 11 (25.0%) of the 44 
records of den sharing, respectively. In total they 
account for 31 (70.4 %) of the den shar i ng r ecords 
(Fig. 4.11). Although it is possible that these three 
animals were ' popular ' den mates, i t is evident from Table 
4.3 that there was a fairly weak association between these 
individuals and many of the animals with which they shared. 
For all three of these 'gregarious' animals, most den 
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Fig. 4.11 Den sharing by three eastern quolls. 
"Who11 indicates the number of occasions that animals 
114, 339 & 633 shared dens with other quolls. 
"Where" indicates the den in which den sharing 
occurred. Five dens are depicted by different 
symbols. 
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sharing occurred in one den (Fig. 4.11); this popular den 
(Fig . 4.1) accounted for 27 (61.4%) of the 44 records of 
den sharing. This suggests that occupation of preferred 
dens is largely responsible for communal denning. As no 
pairs or groups of animals were found to consistently share 
a variety of dens, there was no evidence to suggest 
socially cohesive den behaviour. As no pair or group 
consistently denned together in a single den there was also 
no evidence to suggest that dens were monopolized by 
particular associations of individuals . 
There were slight seasonal differences in the 
tendency of animals to share dens (Table 4 . 7). Months of 
similar demographic and reproductive events were lumped to 
increase sample sizes; November was lumped with July-
October as females were found to have restricted den use 
until December. Den sharing was most frequent during the 
months of high population density (December-February). 
This behaviour was least frequent during the months when 
females were rearing large young within the den (July-
November). 
4 • 3 . 5 Den sharing in captivity 
In captivity den sharing was relatively common 
where wild-caught animals were first introduced to an 
enclosure despite the presence of many den boxes. This 
behaviour decreased as animals became familiar with their 
surroundings. 
\.0 
\.0 
N 
Table 4.7 Seasonal variation in den sharing in eastern quolls in the 
Cradoc study a rea, 1980-1981. 
Number of records 
Monthly of pairs Number of Total number Number of % 
Period Female- Female- Male- records of records anima l-den 
Female Male Male of groups of den records 
sharing 
Dec-Feb 14 10 0 5 29 190 15.3 
Mar-Apr 2 l l 2 6 176 3.4 
May-June 3 2 1 0 6 80 7. 5 
July-Nov l l 1 0 3 139 2.1 
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Den use in a captive colony which consisted of 
four unrelated adult quolls and six young of one of the 
females, was divided into (i) solitary den occupation (ii) 
sharing as pairs and (iii) sharing as group s (Table 4 . 8). 
Statistical analysis of these values was not attempted due 
to the lack of independence between categories. Rather, 
trends in denning behaviour were compared. Males denned 
alone at higher frequencies than females in all months; 
solitary den use was recorded in males for 168 records 
compared to 10 for females. Of the 168 records, Male A3 
who was the dominant male in the enclosure (Section 5.3.3), 
denned alone on 107 (63.7%) occasions. Although he showed 
no den box preference, he was aggressive to other quolls 
which tried to enter the den he was occupying. At Cradoc, 
when quolls were released frorn traps they commonly sought 
refuge in dens near the trap line. On several occasions 
hissing was heard from the den occupant a nd t he intruder 
was observed to retreat from the den. This suggests that 
aggressive behaviour may be responsible for regulating de n 
occupancy. 
Although there was a slight increase in solitary 
denning of females in July-August, multi-fe male groups 
remained high during this period despite _increased 
aggression between females during _their nightly activity 
(Section 5.3.3). During August 1979, ag gression between 
two unrelated adult females (Females 09 and 06) resu l ted in 
solitary den use. Because fighting between the s e f emale s 
resulted in the death of three young , Female 09 was removed. 
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The remaining female (Female 06) ceased to share dens with 
either of the adult males, nor did she share dens with a 
nonbreeding female (Female 03) who was added to the 
enclosure. One den was monopolized by Female 06 while 
rearing her young from l September 1979 to 15 December 1979 
and was lined with fresh and dried grass gathered from the 
enclosure. Although this female was not observed to be 
aggressive toward the other captive quolls when they 
approached her den, it is presumed that her behaviour 
deterred them from sharing her den box. Although both 
captive males (A2 and A3) and Female 03 were observed to 
climb onto the top of her den box, either when she was 
inside or when she was feeding elsewhere in the enclosure 
Female 06 was not seen to exhibit any aggressive or 
territorial behaviour to discou r age their activity . On 
four occasions the males were observed to enter her den box 
for several seconds when she was absent from the den; again 
no defensive nor agonistic behaviour was observed. 
male which 'visited ' her litter harmed the young. 
Neither 
Den sharing between Female 06 and her six young 
was recorded from October 1979 to August 1980 to determine 
whether family cohesion resulted in den shar i ng in 
captivity. 
From October 1970 to February 1980 there was a 
decrease in the frequency with which Female 06 shared a den 
with all six of her young , mainly because juveniles began 
to den in groups in different boxes (Fig. 4 . 12). During 
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Fig. 4.12 Frequency of den sharing in captivity 
between a mother quoll and her young . Den sharing 
between Female 06 and her sons and daughters are 
illustrated from March 1980 when they were 
classified as adults. 
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the same period there was an increase in the frequency with 
which she did not share a den with any of her young; this 
was associated with Female 06 occupying a den box other 
than the maternal one. Generally there was no indication 
of her becoming intolerant of sharing a den with any of her 
offspring but rather there was a gradual fragmentation of 
the family group with males becoming increasingly more 
solitary. During August 1980 when Female 06 and her three 
daugh t ers (born in 1979) were all carrying large pouch 
young, there was a marked decrease in den sharing between 
Female 06 and her adult daughters. This coincided with the 
period of increased aggression between adult females which 
resulted in pouch young mortality (Section 5.3.2.1). 
Den sharing in captivity occurred throughout the 
year though the frequency decreased just pr i or to the 
b reeding season (April and May) and during August (Table 
4. 8). There was no difference between the sexes in the 
total number of records of den sharing. The composition of 
pairs and groups revealed that sibling and mother-sibling 
associations represented 176 (75.8%) of the 232 den sharing 
reco r ds ; 45 (19 . 4%) consisted of a t least two family 
members with an unrelated adult and 11 (4.7 %) consisted of 
unrelated adults . Family relationships t h us represented a 
high proportion of the animals sha~ing dens. 
Table 4.8 Den use in captive eastern quolls, 1980 . 
Month Number of Animal- Frequency of Solitary Den Frequency of Den Sharing -
Den Records Use Pairs and Grouos 
% of % of Multiple % of Multiple % of 
Male Female Total Male Male-Den Female Female-Den Males Total Female Total 
Records Records 
r-l Jan 65 65 130 10 15.4 1 1. 5 21 16.1 18 13.8 r-
N Feb 60 60 120 16 26.7 l 1. 7 17 14.2 16 13.3 
Mar 75 75 150 20 26.7 3 4.0 23 15.3 19 12.7 
Apr 50 50 100 20 40.0 0 0 5 5.0 10 10.0 
May 50 50 100 22 44.0 0 0 8 8 .0 9 9.0 
June 85 85 170 35 41. 2 3 3.5 19 11. 2 19 11. 2 
July 80 100 180 34 42.5 3 3.0 18 10.0 22 12.2 
Aug 36 45 81 11 30.5 2 4.4 1 1. 2 7 8.6 
Total 501 530 1031 168 33.5 10 1. 9 112 10.9 120 11. 6 
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4.3.6 Associations of quolls based on den use 
The 'IWostep cluster analysis (Section 3.2.4.4.2 
and 3.3.4.2) was used to determine whether quolls at Cradoc 
formed groups on the basis of similarities in their use of 
dens. For this class ification to be comparable with the 
associations of animals based on their h ome r a nges two 
animals, Female 133 and Male 833 were eliminated from the 
analysis. 
At 70% diss imilarity between groups, five groups 
of animals were identified (Fig. 4.13). An inspection of 
the distribution of the dens of animals in the groups 
revealed that: 
Group A consisted of three males which occupied 
specific dens in the Burnt Woods which were used 
exclusively by these males. 
Group B, like Group A, did not occupy dens in the 
Old House Woods. At 60% dissimi larity between groups , 
associations between animals were found to be based on 
regional den use : 
Group Bl: four males and two females wi th dens in 
the Burnt Woods. 
Group B2: three males and two females with dens 
in the Main Woods and hay sheds. 
: 00 
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Fig . 4.13 Classification of 38 eastern quolls on 
the basis of similarities in their patterns of den 
use by the Twostep method. 
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Group B3: one male and three females with dens in 
the Far Field Woods . 
Group B4: three males and two females which had 
exclusive use of dens in the Burnt Woods. 
Group c consisted of two males and four females 
which shared one den (the popular den in Fig. 4.1) with 
other animals in this group for most of their den records 
but also used other dens in the Burnt Woods, Far Field 
Woods and Hay Woods . 
Group D consisted of one male and five females 
which occupied a number of dens in the Old House Woods. 
Group D consisted of two males and a female which 
occupied exclusive dens in the Old House Woods for most of 
their records. 
Associations between animals as 'den groups' was 
primarily based on the selection of dens within particular 
woods within the study area. At 100% dis similarity, the 
animals at Cradoc were divided into two groups on the basis 
of whether or not they denned in the Old House Woods; nine 
animals (Groups D and E) denned in. ths region while the 
rest did not. At higher levels of similarity within groups 
(i.e. lower levels of dissimilarity between groups) the 
associations between animals were based either on their 
communal, though sequential use of den s (Groups Bl, B2, B3 
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and D), their simultaneous occupation of a den (Group C) or 
their exclusive use of dens (Groups A, B4 and E) within 
particular regions of the study area. 
Associations of quoll which used dens either 
simultaneously or sequentially were examined to determine 
whether these animals were related (Table 4 . 9). Four of 
the six animals in Group D, (Females 41 , 224, 022 and Male 
446) were known to be a mother and three offspring 
(Fig . 2.21). It was possible that Females 41 , 45, 8 1 and 
85 were related (Section 3.3 . 4 . 2). If so, then all six 
animals of Group D were related , and six of the nine 
females known to den in the Old House Woods (Groups D and 
E) , were related. This suggests that si milarity in den 
use, particularly for females , is due to family 
relationships. Females 29 , 033 and 044 (Group B3) were 
also suspected of being a family group due to tr1eir trap 
records; Male 644 of this group, however, was a son of 
Female 45. 
Related males did not appear to den in the regions 
where they were reared . All four sons of Female 45 moved 
to other den groups though two brothe rs (Male s 633 and 322) 
were classified as having similarities in their pattern of 
den use, due to their communal use of the popular den (Fig . 
4 . 1). Both these males also occupied a variety of other 
dens, but not together; the principal and exclusive den of 
Male 633 (47% of his 38 den records) was located in the Far 
Field Woods at the extreme north end of the study area (co-
ordinates (22, 32) in Fig. 4.1). 'IWo daughters of Female 
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Table 4.9 Family relationships among eastern quolls in the 
Cradoc study area which were classified into groups on the 
basis of similarities in their patterns of den use. ? = 
suspected family relationship. 
Mother Young 
Den Grouo A Bl B2 83 84 c D 
~45 E oi44 7 <3644 ~633 
~41 D 3334 ~224 
~022 
d'446 
~ 85 D ~222 5f339 
5f 29? 83 ~033? 
~044? 
E 
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85 also moved to other den groups i ndicating that family 
cohesion does not totally explain the denning habits of 
female quolls . 
Similarities in home range patterns of groups of 
quolls were due primarily to the regional use of the study 
area (Section 3.3.4.2). If familiarity between neighbouring 
residents was due to, or resulted in, c ommunal den use 
within specific woodland r egions , then one may expect 
similarities between the classification of animals by both 
their patterns of home range and den use. A comparison was 
made of the composition of groups in each of these 
class i fications (Fig. 4.14). Animals with exclusive use of 
dens (Groups A, B4 and E) were found to have different 
patterns of home range to other members within their den 
groups. By virtue of their tendency to use dens which 
other animals did not occupy , it is not surpr isL1g that 
there were few similarities in their use of space. Animals 
which were c l assified as groups by their mutua l use of dens 
in the Main Woods (Group B2) , the Far Field Woods (Group 
B3) and the Old House Woods (Group D) were, for the most 
part , classifi ed as having similar home range patterns . 
This was also the case for most of the an ima ls which shared 
the popular den (Group C). Group Bl , which consisted 
largely of males , was found to contain members from four 
home r ange groups; this suggests that communal use of dens 
by males in thi s region was not related to familiarity 
between neighbouring residents (ie. with similar home range 
patterns). The large proportion of females in Groups B3 , C 
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Fig. 4.14 Comparison of the groups of eastern 
quolls classified on the basis of s imilarities 
in their home ranges & patterns of den use. 
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and D, which had similarities in both den use and home 
range patterns, suggests that the dispersion patterns of 
females may be due to familiarity between them; 11 (57.9%) 
of the 19 females were represented in these three groups. 
In terms of the home range classification, only 
Group 1 (animals with home ranges near the Main Woods) and 
Group 3 (animals wi th home ranges near the Far Field) had 
the same members in the den group classification (Groups B2 
and B3). All other groups were greatly fragmented with the 
exception of the female associations in Groups 5 and 6. 
The low correlation between males by the two methods of 
classification suggests that males which have overlapping 
home ranges actually avoided using the dens of one another , 
and did not form even loose social groups. In contrast , 
associations of females which used dens within specific 
woods tended to be the same association with overlapping 
home ranges. The small home ranges of females and the 
tendency of females to den in only one of two woodland 
regions suggests that females may be associated principally 
in relation to the topography of the study area. It is 
presumed that females occupying similar dens and foraging 
in the same areas, must have been both familiar with and 
tolerant of one another. Evidence suggests that familiarity 
between females was due to the desree to which they were 
related . 
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4 . 3.7 Summary of Results 
1 . Dens occurred in the highest density in woodland 
gullies and as such were clumped in disper sion throughout 
the study area. Within the gullies, dens were randomly 
distributed. 
2 . The structure of dens varied in compl exity from 
simple ones with single nests to ones with many nests and 
interconnecting tunnels. 
3 • Though individual quolls were found to occupy as 
many as 12 dens, males and f emales generally occupied less 
than five dens . During the period that young were deposited 
in the den in late lactation (July-October) females 
occupied on ly one den. 
4 . Males and females (when not rearing young) were 
found in the same den for an average of two consecutive 
records. 
5 . Most dens were used by more than one individual 
(though not on the same day) . Some dens were foun d to be 
very popular and on e , wh ich accounted for 75 animal-den 
records, was used by 11 different jndividuals. 
6 . The d i sta nce between consecutive dens tended to be 
lar ge r for males than for females. 
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7 • The mean distance between the geometric center of 
activity of male home ranges and dens occupied by males, 
was significantly greater than that for females. 
8 . Den sharing occurred occasionally and appeared to 
be largely due to a preference for particular dens. 
9 • In captiv ity den sharing by family members was 
common. 
10. Using the Twostep method of classification (Austin 
and Belbin 1982) , eight groups of quolls were identified on 
the basis of their patterns and frequency of den use . 
While three groups were found to represent animals which 
occupied dens exclus ively, five groups had similarities in 
their den use associated with the regions in wh ich their 
dens occurred. At least one of the groups was known to be 
composed primarily of family members. 
11. A comparison of the composition of groups 
classified by their use of dens and by their home ranges 
indicated that females which occupied the same dens, within 
a particular region, tended to have similar space use 
patterns. In contrast, mal es which wer e class ified as 
groups on the basis of their den habits had few 
similarities with males or females associated with one 
another due to their dispersion patterns. 
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4.4 Discussion 
Denning in eastern quolls was found to be a 
complex and dynamic process. The relatively large number 
of dens occupied by individuals, the high frequ ency with 
which quolls changed their dens , the variable and sometimes 
extensive distances travelled between consecutive dens, and 
the use of communal dens suggest that den occupation was 
influenced by the interaction of several variables. The 
distribution of habitat suitable for dens, the proximity of 
dens to foraging areas and the influence of social factors 
are likely to have contributed to the pattern of den use in 
quolls. 
4.4.1 Distribution and description of dens 
Due to their close association with woodland 
regions, quoll dens were clumped throughout the study area. 
With in the gullies, where den density was greatest, dens 
were randomly distributed. This indicates that quolls had 
neither a socially cohesive nor a spacing-out mechanism 
influencing den distribution. Rather, dens appeared to be 
s ituated wherever conditions were 'suitable ' which, at 
Cradoc, included above-ground structures such as buildings, 
brush-piles and rocky outcrops, and underground burrows 
where presumably conditions were conducive for digging . 
The close association between blackberry bushes, gullies 
and dens suggests that the soil was eas ier to dig under 
blackberry bushes . Although blackberry bushes may also 
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have served as protection against predators, the only 
likely predator of quolls at Cradoc was the feral cat which 
was also observed to seek refuge under blackberry bushes. 
As the soil unde r these bushes was fine and loose it was 
probably more suitable for digging than the rocky, 
compacted soil of the open woods. The use of rotting roots 
of tree stumps as tunnels underground also suggests that 
the location of quoll dens reflected the suitability of the 
terrain. 
There was considerable variation in the complexity 
of quoll dens which may be related to soil structure, the 
popu larity of their loca tion , or their use as maternal 
dens. The most complex of the dens excavated (Fig. 4.3) 
was known to have been used by a female while rearing 
young. In captivity, only females were observed to dig and 
one adult female constructed a burrow within the enclosure. 
If, as t his suggests, females are largely responsible for 
making dens, then those dens which are favoured by breeding 
females may undergo greater development than others. 
Captive males were never observed to collect grass or make 
nests within their den boxes, though this behaviour was 
common among females particularly during the breeding 
season (Fleay 1935; present study) . The presence of two 
grass nests within the compl ex den (Fig. 4 . 3) suggests that 
it had been used as a maternal den on more than one 
occasion. In neither of the simpler dens excavated at 
Cradoc were grass nests located. The choice of this den by 
breeding females may thus be associated with its complexity. 
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Dens which were used by large numbers of animals 
on many occasions may also have been developed into den 
complexes. The popular den (Fig . 4.1) was believed to 
contain several nests as there were several known tunnels 
leading into it and animals were known to shift their 
locations within the den (due to changing positions of the 
radio signal from day to day ). The proximity of this den 
to the pasture, and its central location in the study area , 
may have made it a favourabl e site. During 1978 and 1 9 79, 
the hayshed was known to have been a popular den site; the 
r emoval of the hay bales by the farme r in early 1980 
revealed eight 'nest' areas which were situated in, and 
interconnected by, the spaces between the bales. At this 
time the farmer switched from square to l arge cylindrical 
bales ·which did not lend themselves to nest sites within 
the shed , and therefore it was less likely that quolls 
continued to den in the hays hed. 
Den complexes of the eastern quol l showed striking 
similarities with another species of Dasyuru s. The western 
quol l .!2..:._ ~offroii , which once occ urred in the Northern 
Territory of Australia , was reported by aboriginals to have 
made complex burrows with several entrances ; tunnels led 
down to a large centra l chamber which was sometimes 
occupi ed by up to three adults or females with young 
(Johnson and Roff 1982) . Fossorial behaviour in western 
quoll s may have permitted a greater extension of their 
range in desert environments (Johnson and Roff 1982). 
- 285 -
Other desert-dwelling species of dasyurid such as the 
mulgara Dasycercus cristicauda (Fleay 1961; Ewer 1968), 
the fat-tailed dunnart Sminthopsis crassicaudata (Ewe r 
1968; Morton 1 978a ); Ningaui sp. (Johnson and Roff 1980 ; 
Fanning 1982), t he narrow-nosed planigale Planigale 
tenuirostris, the paucident planigale ~ 9ilesi (Andrew and 
Settle 1982); and the kowar i Dasyuroides byrnei (Aslin 
1974) a lso construct burrows. The burrowi n g behaviour of 
eastern quolls in the temperate c limate of Tasmania suggests 
that den digging is a more generalized behaviour in the 
family Dasyuridae and not one conf ined to speci es in arid 
environments. 
4.4.2 Patterns of den use 
Dens of eastern quol l s were not restricted to sub-
terranean burrows. The use of build i ngs , dumps , fallen 
trees and bulldozed mounds of earth indicates the 
opportunistic behaviour of quolls . A similar variety of 
den t ypes were reported fo r quolls i n northern Tasmania 
(Green 1967) and i n Victoria (Fleay 1 935) . Opportunism and 
flexibility i n den selection is characteristic of many 
predatory species which use many dens , change them 
frequently and travel conside r able distances between dens. 
For example , striped skunks ~~phitis ~~phitis have been 
fou nd to use brush a nd lumber piles , hollow logs and 
buildings and burrows made by woodchucks Marmota mona~ , 
(Allen and Shapton 1942; Stor m 197 2 ; Houseknecht and 
Tester 1 97 8 ); they use dens for an a verage of 2.2 days and 
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shift over 400 m between dens (Shirer and Fitch 1970). 
Similar patterns of den use have been reported for opossums 
Didelphis marsupialis (Shirer and Fitch 1970), spotted 
skunks Spilogale Eutorius (Crabb 1 948) a n d Tasmanian dev ils 
Sarcophilus harrisii (Fleay 1935, 1952; Guiler 1970) . 
Eastern quolls at Cradoc were found to occupy several dens 
but did not show a strong preference for any one of them, 
spent relatively few consecutive days in each den and 
travelled considerable distances between consecutive dens. 
Animals which prey on patchily distributed resources may 
benefit from travelling extensively throughout their home 
ranges and therefore flexible den behaviour may conserve 
energy that would be wasted in travelling to and from 
foraging areas. 
Information gathered on patterns of den use of 
eastern quolls in this study does not, however, lend itself 
to a simple explanation of den behaviour. Th e idea that 
the dens occupied each day were those which were closely 
associated with areas where foraging activity occurred the 
previous night, may only partially explain den occupation . 
The distribution of dens in woods and gullies meant that 
quolls often travel led up to 500 m between their den and 
the pastures where they were found foraging the previous 
night. Thus while dens used on consecutive nights were on 
average 200-300 m apart, either one or both of the d e ns was 
located at a considerable distance from the pasture. For 
example, one male (Male 633) alternated between two dens 
for most of his 38 den records; one was situated in a gully 
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immediately adjacent to the area where he foraged and the 
other was 783 m from this first den and 400 m from the edge 
of the pasture. His selection of the second den required 
considerable extra travelling; thus proximity of the den 
to foraging areas cannot solely explain den use . As only 
six quells were monitored simultaneously, it was not 
possible to know what factors may have caused him to travel 
to the more distant den. Possibly the pr.esence of another 
quell influenced his decision to den elsewhere. Movement 
of quells between consecutive dens is thus an area of 
research requiring more attention. 
Between July and November, female quells 
restricted themselves to one den for rearing young that 
were too large to be carried in the pouch. During this 
time, females ceased sharing dens with other females or 
with males. The absence of males at the maternal den 
suggests that they do not play a role in the rearing of 
young. The absence of male participation in parental 
activity is typical not only of the dasyurids but of most 
marsupials (Rus sell 1982) . Although in captivity a male 
( and father) tiger quell Dasvurus maculatus was observed to 
bring food to the den box of a f ema l e with young and to 
groom the young (Settle 1978), paternal behaviour was not 
o~served among captive eastern quolls. At Cradoc, not only 
were males not found to share a mate rnal den but an 
investigation of their nightly activity revealed that none 
of the tracked males during July- August and November 
approached a maternal den . Crook (1977) proposed that 
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selection for mal e assistance in the rearing of young 
occurred in some carnivores where young were dependent for 
long periods while learning complicated hunting 
techniques; because the interactions of the family 
entailed social skills , long-ter m parental care was 
corre l ated with social complexity . The lack of paternal 
care in the eastern quoll may thus relate to the short 
period of dependency of the young ( approximately two months 
in the pouch and two months in the den ) and the i nnate 
hunting ability of quolls (Section 2 . 3 . 4 . 6) . 
Until mid-August , denning behavi our of females was 
similar to that of males . Even at the time of birth (mid-
late June) and during the first couple of months of 
carrying pouch young , females continued to occupy several 
dens and to change from one den to another every few days. 
Not until the young began to bulge from the pouch and the 
mouth of the young was able to unfasten from the teat , was 
there an alteration in female den behaviour. Breeding 
females then selected dem in which to rear their young 
and used them exclusively until November. Associated with 
a change in den habits , there was an increase in aggression 
between adu l t females which, in captivity, resulted in the 
killing of young (Section 5 . 3.2.1) . 
Similar behaviour has been recorded in breeding 
female fat-tailed dunna rts Srninthoosis crassicaudata 
(Morton l 978a). Females with pouch young were found to 
share nests during the early part of the breeding period . 
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When the young were old enough to be left in the nest, 
female dunnarts became aggressive toward one another (Ewer 
1968; Morton 1 978a) , ceased sharing dens with other 
females and choose nes t sites which were widely spaced 
(greater than 40 m); Morton (1978a) suggested that this 
may reflect territorial behaviour in females at this time . 
Although aggression was observed between captive 
breeding female quolls during August, there was no evidence 
of a spacing-out mechanism between the sites of maternal 
dens at Cradoc . Although two maternal dens were less than 
15 m apart , the topography of the gully and the density of 
the vegetation may mean that straight- line estimates of 
minimum distances between dens do not provide a biological 
measure of spacing patterns. 
However , the random distribution of materna l dens 
along gullies, the greatly overlapping home ranges of 
breeding females and the high frequency with which breeding 
females were simultaneously captured in traps less than 
25 m apart during August-November , suggests that females 
did not exhibit territorial behaviour beyond the exclusive 
occupation of a den . If aggression between females at the 
time that young are deposited in the den is a mechanism for 
successfully competing for preferred dens, then it may be 
e xpected that females which were not successful in 
obtaining a preferred den either moved elsewhere or 
selected a less desirable den. The number of resident 
fema les did not decl ine during August (Fig . 2.27) which 
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suggests that suitable dens were not limiting. As it was 
not possible during the one year that radi otelemetry was 
used in this study to l ocate all maternal dens, it was a l so 
not possible to determine which dens were preferred , or 
whether the den site influenced rates of survival or 
recruitment of young. 
Apart from females during the breeding season, 
most quolls displayed little preference for one den . 
Accordingly there was no evidence that animals marked the 
entrances to their dens or the area around them. As 
discussed in Section 5.3 . 2.3 , quolls at Cradoc did not 
depo sit their droppings in prominent or regu lar sites in 
the manner described for territorial species such as otters 
Lutra lutra ( Erlinge 1968) or badgers Meles meles (Kruuk 
1978a). Similarly scats were not deposited beside dens as 
has been r eported for otters occupying territories along a 
coast (Kruuk and Hewson 1978). 
4 . 4 . 3 Den sharing 
Den sharing was common in c aptive, related animals 
but was found in only 16.6% of all animal-den records. It 
is likely that den sharing was more common than determined 
by radio telemetry as only smal l numbers of animals were 
monitored simultaneously in comparison to the numbe r of 
animals known to be alive each month during 1980- 1981. 
Possible explanations for den sharing in eastern quolls 
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include energy conservation, the persis tence of family 
groups , behaviour promo ting social cohes ion and the 
prefere nce of particu lar dens. 
I f den sharing was a strat egy for conserving 
energy, then one would e xpect the frequency of den sharing 
to increase during winter . Increased communal denning 
among u n related individuals d u ring winter has been reported 
for smaller dasyurids such as the fat-tailed dunnar t 
Sminthopsis crassicaudata (Morton 1978a) and the commo n 
planiga le Planigale maculatus (Andrew and Settle 1982) and 
euther ian predators such as the raccoon Procyon lotor (Mech 
et al. 1966; Mech and Turkowski 1966) and t he striped 
s kunk Mephi tis ~~phitis (Allen and Shap~ton 1942; Verts 
1967 ; Shirer and Fitch 1970 ; Storm 1972). Den sharing in 
eastern quolls did not however increase during the coldest 
months of the year (June- August) ; rather the increase 
occurr ed during the summer months (December-January ). Thi s 
suggests that factors othe r than the r mor egulation were 
responsible for den sharing in quolls. 
In captivity there was a high fr equency of den 
sharing among members of the s a me family. After weaning, 
the family did not continue to den as one unit though 
groups of siblings , e ither with or- without the mother , 
shar ed dens throughout the year. In the wild, there were 
two known and three suspected c a ses of den sharing b etween 
pairs of r elated adults. Of the three pairs of males which 
sha r ed dens , one was known to consist of two brothers . 
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This suggests that familarity between de n cohabitants may 
be due to family relationships , particularly when males 
share with other males . However , unrelated animal s were 
also known to share dens and animals which were related 
were not consistently found together on the days they were 
radio tracked concurrently . 
In species which h ave gr oup territor i es or form 
clans or packs, den shari ng promotes socially cohes i ve 
behaviour. The European Badger Meles meles has b een found 
to form groups of varying sizes which defend their home 
range s against othe r badger s and occupy communal de n sites 
( Kruuk l 978a) . The banded mongoose Mungos mungo , which 
forms packs of 6 - 35 indivi duals , occupies communal dens , 
and the pack moves from den to den throughout its home 
range (Rood 1975). Other species of diurnal mongooses such 
as the dwarf mongoose ~~logale parvula and the meerkat 
Suricata suricatta have also been reported as l iving in 
packs and sharing dens (Walker 1 964 ; Ewer 1 973) perhaps 
because their large communal burrows are more easily 
defended from predators than a number of smaller ones (Ewer 
1973; Rood 1975) . Eastern quolls however were not found 
to display socially cohesive behaviour . The highest 
f requency of den sharing by any two individuals was 40 . 0% ; 
Male 633 shared a den with Female -114 on 8 of the 20 days 
that they were rnoni to red simultaneously (Table 4. 6 ). In 
general , animal s were found together in the same den for an 
average of only 14 . 4% of a l l the days that den shar ing 
individuals were tracked concurrently. There was thus 
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little constancy between individuals in their communal use 
of dens. As home range analyses indicated that animals did 
not form discrete group territories, and individuals did 
not move in groups o r packs, den sharing in quolls was not 
due to any form of socially cohesive behaviour. 
The high frequency of den sharing in one den in 
the study area suggested that preference for particular 
dens was largely responsible for communal den use . The 
den , in which 61.4% of all den- shar i ng occurred, was the 
same one known to be used by 11 individuals for a total of 
75 animal-den records, and the one jointly occupied by five 
animals on one occasion. Although this den was not 
excavated, the many entrances suggest that it was quite 
extensive. The convenience of the den, in a gully 
immediately adjacent to the pasture, and the possibility of 
multiple nests within the den may have contributed towar~s 
its popularity. The animals which shared this den also 
occupied it sequentially which suggests that den cohabitants 
were familiar with one another either directly or 
indirectly by their scent. 
The high frequency of use of popular dens has been 
described for other nonterritorial predators . Opossums , 
striped skunks and raccoons have all been found to occupy 
many dens, and well- situated dens were used by many 
different individuals (Sh irer and Fitch 1970). Skunks 
occupied dens as pairs or groups both simultaneously and 
sequentially , though males did not share dens with other 
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males (Shirer and Fitch 1970 ; Houseknecht and Tester 
1 978 ) . In one study, Houseknecht and Tester (1978) 
reported that two skunks had direct or indirect contact 
with at least nine other skunks; this contact was believed 
to be a consequence of the abundance of den sites , the 
patter n of den use and the permanence of dens. This 
suggests that , l ike eastern quells, associations between 
i ndividuals are due to den use rather than social 
behaviour , but that females, by showing greater intrasexual 
to l erance , tend t o share dens more frequently than males . 
Shirer and Fitch (1970) suggested that tolerance (rather 
than social ly cohesive behaviour ) i n striped skunks 
resulted in simultaneous den occupation in the species. 
The complex structure of skunk burrows (Allen and Shapton 
1942; Sto rm 1972) may facilitate den sharing by separating 
cohabitants in discrete nests; the present study suggests 
a similar situation in eastern quells . 
4.4 . 4 Associations of quells based on den use 
If to l erance and familiarity are requirements for 
simultaneous or sequential den use, then animal s which 
occupy the same array of dens may r e present a loose social 
group. If so , then one would expect a close correlation 
between animals which have overlapping home ranges and 
animals which use the s ame dens. This was not , however , 
found to occur with quells at Cradoc (Fig. 4.14) . The poor 
correlation between animals classified as groups by their 
use of space and those classified by their. use of dens , 
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particularly for males, indicates that animals did not form 
even loose social groups. Rather the converse may apply; 
animals which were familiar with one another due to their 
overlapping home ranges appeared to avoid using similar 
dens. As neighbouring resident males maintained large 
distances between one another in their areas of home range 
overlap (Section 3.3.5 ), avoidance behaviour in den 
selection may represent an extension of avoidance behaviour 
while for aging. The wide dispersion pattern of male dens 
and the large distances travelled by males between den 
sites and foraging areas may thus be influenced by 
in tole rance of communal den use by residents familiar with 
one another on the basis of home range overlap. The 
relationship between males which were classified as den 
groups is not easily explanable; either these associations 
of animals were largely coincidental, or they were composed 
of males which had preferences for the same den and, as 
they did not compete for resources by foraging in the same 
localilties, were tolerant of one another . 
Like males, female quolls also did not conform to 
a simple pattern of den use. Although there was a tendency 
for females which used the same dens to have similar home 
range patterns, this did not apply for all females. From 
an analysis of family relationships there appeared to be a 
trend for related females to remain in the same woodland 
regions, to occupy similar dens and to forage in the 
pastures adjacent to the woods. 
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4.4.5 General summary 
Denning in eastern quolls was found to be both 
complex and dynamic . Although the distribution of dens was 
largely determined by suitable habitat, dens were randomly 
distributed within these regions. Quolls were also 
opportunistic and used other available structures for 
temporary dens. There was no evidence of territorality nor 
of soc ially cohesive behaviour in den use, though between 
these extremes quolls displayed a broad spectrum of 
individual variation. The exclusive use of dens by 
breeding females suggested that they were seasonally 
te rritorial, though the distribution of maternal dens 
provided no evidence of a spacing-out mechanism. Although 
there was no indication that dens suitable for the rearing 
of young were limited at Cradoc, aggression observed 
between captive females may represent a mechanism fo r 
successfully obtaining a den in habitats where dens are 
limited. On the basis of similar i ties in den use and home 
range patterns, females tended to form neighbourhoods 
within regions of the study area . Tolerance and 
familiarity, due to possible family relationships, were 
possibly respon s ible for the associations between females. 
As there was no constancy between pairs or groups of 
animals in den sharing, and becaus~ females did not move 
together while foraging, there was no evidence of socially 
cohesive behaviour. Males did not form even loose social 
groups with males or females ; instead males which were 
known to have overlapping home ranges tended to occupy 
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different dens. This suggests t hat the dispersion pattern 
of male dens and the schedule of their occupation may be 
influenced by avoidance behav iour between specific males. 
Many questions rema in to be answered. How long 
does the family, or sibling groups , r emain together and how 
does the occupati on of dens by juveniles or groups of 
juveniles influence the patte rn of denning by adults? As 
survival rates of both juveniles and adults are low during 
s ummer, could dens be a limiting resource? Why did 
individuals intermittently travel almost one Kil omet re to a 
den when their activity on the night s , both before and 
after use of thi s den, c ente red on the same region of 
pasture? Due to limitat ions in the number of transmitters 
and the large numbers of animals in t he populat ion, 
simultaneous moni toring of all animals in the popula t ion 
was not possible; nor, was it possible to track juveniles 
because of their high rates of dispersal. In consequence, 
the factors i nfluencing den selection requir e furt her 
invest i gat ion. 
- 298 -
Chapter Five 
COMMUNICATION, SOCIAL BEHAVI OUR AND ACTIVITY 
LEVELS IN EASTERN QUOLLS 
5 . 1 Introduct ion 
If the spacing patterns of eastern quolls in the 
wild reflect their social relationships , then it is 
necessary to unders tand how quo l ls communicate and the 
nature of their interact ions. As interactions between 
quolls could not be observed in the wild, the behaviour of 
a smal l community of quoll s was observed in captivity to 
determine whether there were changes i n the social 
relationships between adults at different times of y ear 
which mi ght explain changes in the spacing patterns a nd , 
possibly, survival rates of a nimals in the wild. Activity 
l evels and patterns were also examined as possib le 
indications of behavioural or physiolog i cal chang es . 
In a r evi ew of communicat i on in the Dasyuridae , 
Croft (1982) suggested that because most spec ies were 
solitary and nocturnal, scent and sound were more 
important forms o f communication than visual displays . 
Although scent is used in ma ny eutherian carnivo~s for 
ma intaining their territories (Ralls 1 9 71; Eisenberg and 
Kleiman 1972; Johnson 1973 ), it is not known whethe r 
dasyurids use scent for a similar pu rpose though it is 
likely that they use it to label their home range s (Croft 
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1982). Eastern quolls in captivity have been observed to 
nip the bark of trees as a method of depositing saliva and 
to dribble urine (Eisenberg and Golani 1977) which may 
serve as a means of labelling their home ranges in the 
wild. In some dasyurids, scent is used as an indicator of 
sexual status or dominance; for example, fema le fat-tailed 
dunnarts Sminthopsis crassicaudata ' deliberately ' defaecate 
more frequently when they are pregnant or rearing young 
(Ewer 1968), and scent marking is more frequent in 
dominant males than subordinate ones in both brown 
antechinuses Antechinus stuartii ( Braithwaite 1974) and 
Tasmanian devils Sarcophilus ~~~risii (Buchmann and Guiler 
1977). Eisenberg and Golani (1977) suggested that face 
washing and g rooming observed in captive quolls served as 
mechanism for distributing scent over the individual . Its 
function in communication may possibly relate to sexual 
status or re lative dominance . 
Vocalizations in dasyurids are the best known 
aspect of their communicatory behaviour and are usually 
associated with ago nistic encounters between conspecifics, 
a nd with defe nce (Croft 1982). There is also growing 
evidence tha t dasyurids call to one another during 
courtship and mat ing ; for example , female tiger quolls 
!2.~~yurus ~~c:_1_:1latus when in o e strous make a characteri s tic 
' chainsaw ' n o ise (Settle 1978) and s maller species such as 
kul.tarrs ~1~~~~hinomys !.'.lniger (Happold 1972) and common 
dunnarts Sminthopsis murina (Fanning 1982) duet during the 
~~-- ~~---
breeding season . Vocalizations of e astern quolls were 
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described by Fleay (1935) primarily i n association with 
the growth of young in captivity. The ' quar r e lling' of 
quolls unde r bushmen's huts, which was once a common 
phenomenon (Fleay 1935) , suggests that auditory 
communication plays a role in the social behaviour of 
quel ls. 
Visual signal s between quells may also be 
important in maintaining ind ividual distances . Although 
visual displays probably p lay a smaller role in 
communication between dasyurids than sound or scent, 
vi sua l communicat ion may play a more important r o l e in 
genera which have large eyes s uch as Sminthopsis or 
Dasyurus than in those with small eyes such as Antechinus 
(Croft 1982). 
In captivity, several dasyur id species have been 
found to form domi nance hierarchies (Croft 1982 ). However , 
the social behaviour of capt ive animals must always be 
examined in relation to knowledge o f their social or 
spatia l organization i n th e wild to minimize erron~us 
conclusions . The behaviour of coati s Nasu~ nar ica prov i de s 
an example of problems of studying carnivores in captivity 
(Kaufmann and Kaufmann 1963). In the wild , coatis form 
bands of several females and young~ with males becoming 
solitary at two years of age; bands are hostile to males 
except during the breeding season when they are admitted 
to the band but a re subordinate to females (Kaufmann 
1962). In an enclosure, however, coatis of all · ages and 
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sexes mixed freely and slept together, and males were 
groomed by females outside the breeding season (Kaufmann 
and Kaufmann 1963) . Thus, observations of hierarchies 
among captive dasyurids may only reflect the behaviour of 
animals which are unable to avoid one another. Conclusions 
may however be drawn about the relative competitive 
abilities of individuals and the role that aggression may 
play in social behaviour. 
The spatial and social organizationsof mammals 
are usually based on relationships between animals which 
are familiar with one anothe r and which, in many cases, 
are related . By observing the social behaviour of a 
captive community of quells of diffe rent sex-age groups, 
including some related individuals, it was hoped that 
deductions could be made abou t the nature of social 
relationships between animals in the wild. 
5.2 Methods 
s.2.1 Description of the enclosure 
An enclosure, 13 m x 16 m x 12 m, was constructed 
on a hillside of bush and grassland on the grounds of the 
University of Tasmania in July 1979. The walls and 
ceiling were constructed of wire mesh (5.5 crn2) and the 
base of the walls was embedded in concret e 25 cm beneath 
ground level . Flood lights were suspended from the roof 
and were covered in transparent red plastic. Numerous 
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small trees , piles of brush and logs were added to the 
enclosure for refuge in addition to ten den boxes (Section 
4. 2) . A sunken bath tub filled with water was situated in 
the center of the enclosure. Dog chow ("Meaty Bites" 
brand) was placed in four food bowls and supplied ad lib ; 
road-killed wal labies and brushtail possums , and dead 
day-old chicks from a local hatchery , were provided on a 
weekly basis. An observation hut was situated adjacent to 
the enclosure. 
s. 2 . 2 Schedule of observation and methods of ana lysis 
In August 1979, two adult male and two adu lt 
female quells trapped from different localities in 
southern Tasmania were placed in the enclosure . The two 
adult females (Females 06 and 09) both had six pouch young 
in August 1979. Due to aggression between these females 
resulting in the death of three young of Female 09, she 
was removed from the enclosure and r ep l aced by a 
nonbreeding adult female (Female 03). General 
observations were made of the behaviour of the four adults) 
and the six juveni les of Female 06 until the end of 
January 1980 . From February to August 1980, the behav iour 
and positions of Mal es A2 and A3 , and Females 06 and 03 , 
were recorded every five minutes for the periods of 
observation (Table 5.1). Observation periods normal l y 
commenced at dusk and lasted for three to four hours . To 
recogn ize individuals , black fu r dye ("Durafur" brand) was 
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Table 5.1 Schedule of observation of eastern quolls in 
captivity. * = nights during which unfamiliar quolls were 
added to the enclosure. 
Month Number of Number of Number Number 0£ 
(1980) Nights Hours of Males Females 
February 6 21 5 5 
March 6 24 5 5 
* March 4 16 6 6 
April 7 26 5 5 
May 7 28 5 5 
* May 4 16 6 6 
June 6 23 5 5 
July 8 31 5 5 
August 4 16 5 5 
Total 52 201 
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used on the rump, shoulders, tail or legs to indiv idually 
mark the ten animals. The fr equency of behaviour 
associated with encounters between pairs of anima ls was 
recorded fo r monthly periods fr om February to August 
1980. 
( i) 
(ii) 
(iii) 
Encounters were recorded a s: 
the ind i vidual which made the approach 
the behaviour of the animal mak ing the approach: 
(a) aggressive : the approaching animal chased , 
stalked , lunged at o r hissed at the 
approached animal, 
(b) sexual/ inquisitive : the approaching animal 
sniffed or followed while sniffing the 
approached animal, 
(c) neutral: animals encounter~d one another on 
a path or at a food b owl etc . with no 
apparent interaction, 
(d) amicable: the approaching animal moved with 
intent toward another animal, wi thout 
aggression or inqui sitive behaviour, and 
usually sat or stood beside the approached 
animal, 
the react i on of the approached animal: the 
behaviour of the approached animals was 
aggressiv~ sexual/inquisitive, neut ral or 
amicable as descr ibed in ( ii) . 
The term ' dominant ' is used to desc ribe animals 
which init i ate aggr essive approaches that result in sub-
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missive or avoidance behaviour in other quells; the 
latter are referred to as 'subordinate' . 
Activity levels of captive quells were monitored 
by two methods. From the positions of Males A2 and A3 , 
and Females 09 and 03 at five minute intervals , activity 
for an animal during a night was calculated as the average 
distance moved every five minutes. As a straight- line 
measurement> this represents only an estimate of activity 
levels . Average distance moved was calculated for the two 
males and two females separately for monthly periods , 
February-April , May- June (mating season) and July-August 
(females carrying large pouch young) . Relative levels of 
activity in captive quells during different monthly 
periods were compared with those of radio tracked quells 
at Cradoc ; activity levels in wild quells were calculated 
as the average distance moved between consecutive readings 
which were taken every 15 minutes. 
An activity transmitter (Section 3.2.1) was also 
used to determine patterns and levels of activity in 
captive animals. A receiving antenna was suspended from 
the roof of the enclosure and was connected by cable to a 
receiver within the observation hut . A monitor was 
attach ed to the receiver which translated the number of 
pulses per five minutes to a proportional voltage and 
expressed this voltage as a bar histogram on a chart 
recorder . During each monthly period at least two males 
and two females wore the act ivity transmitter though only 
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one animal could be monitored at a time. In total , 
activity records were made for five males over 36 days and 
for five females over 36 days from October 1979 to August 
1 980 . Although this method was primarily useful in 
determining patterns of activity, l evels of activity were 
determined by calculating the frequency of five minute 
intervals for which the relative activity scale ( ie . 
height of the chart recorder histogram) was greater or 
less than one half the maximum activity level observed 
during the night . Basal pu l se rate indicated that the 
animal was inactive. 
For fou r days during March 1980 and four days 
during May 1980, unfamil i ar ( ie . non- resident) quolls were 
added to the enclosur e. An adult male was introduced on 
16- 17 March and 13- 14 May and an adult female was 
introduced on 23-24 March and 18- 19 May . The frequency of 
behaviour associated with encounters between residents and 
the patterns and levels of activity of residents was 
monitored. 
5. 3 Results 
5 . 3. 1 Activities of eastern quolls in captivity 
The general activities of four adult eastern 
quolls were recorded at five minute intervals from 
February to August 1980 (Table 5.2) . The greatest 
proportion of their activity consisted of sitting or 
Table 5.2 Activi ties of four adult eastern quolls in 
captivity, February-August 1980. The activity of each sex 
was recorded as the percentage of the total number of 
observations made at five-minute intervals. M=male, 
F=female. 
Activity Percentage of Obse r va t ions 
Total 
F 
Feb-Apr May-June July-AU<.L_ 
Sitting/ 
Standing 
Running/ 
Walking 
Grooming 
Feeding/ 
Drinking 
Hunting 
Social 
Behaviour 
Residing 
in Den 
N 
M 
43.4 
18.5 
5.7 
9.0 
2.1 
7.4 
13.7 
1056 
M F 
25.0 50.6 23.0 
33.6 11.1 35.5 
3.0 7.0 2 .4 
9.5 9.4 8.3 
1.9 2.6 1. 7 
10.7 7.0 12.1 
16.2 12.0 16.9 
1056 456 456 
M F M F 
41.3 21.8 34.4 31.6 
12.l 30.7 37.1 33.7 
7.4 4.5 1. 7 2.4 
10.9 12.8 6.2 7 . 9 
3 . 2 2 . 9 o.3 1. 0 
8.3 8.6 6.9 10.8 
16.7 18.6 13.1 12.5 
312 312 288 288 
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standing in one position (43.4% of the activity for males 
and 25.0% for females) or moving around the enclosure 
(18 . 5% for males and 33.6% for females). As food was 
supplied ad lib. , feeding represented a relatively small 
amount of their total activity (9.0% for males and 9.5% 
for females), and an even smaller amount of time was spent 
hunting for insects throughout the enclosure (2.1% for 
males and 1.9% for females) . Although the activities of 
only four adults were recorded, there were ten animals 
present in the enclosure from February to August 1980; 
however , only a small proportion of the observations of 
quoll activity involved social behaviour (7 . 4% for males 
and 10 . 7% for females) . I n terms of the activities of 
animals at five-minute intervals, there was little 
seasonal variation in the frequency of social behaviour. 
5 . 3.2 Communicatio n between eastern quolls 
In this section, methods of communication are 
separate d into three types; visual displays and body 
contact, vocalizations , and olfa ctory communication , and 
are described in the context of the beha viour with which 
they are generally associated. As some of these 
behaviours, for example , agonistic or mating behaviour , 
incorporate s e v e ral modes of communication , some overlap 
occurs betwe en these categories. 
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5.3.2.1 Visual displays and body contact 
Most visual displays between captive quolls were 
associated with agonistic behaviour , i.e behaviour 
associated with threat, attack, defence and submission. 
Behaviour related to threat and attack involved chases, 
lunges, and stalks. Chases usually lasted 5-15 s but 
occasionally lasted up to 30 s. Stalking was a threat 
behaviour most commonly observed between males and 
involved a slow , deliberate walk by one animal toward 
another. The head was generally lowered and the ears 
tilted slightly forward, the neck or mane region bunched 
forward giving the animal a jowlish, 'enlarged-head ' 
appearance and the tail raised near the rump such that the 
tail arched slightly . Associated with stalking the 
approacher stared intently at the animal being approached, 
who ~ither fled when the approacher was within a couple of 
metres (usually resulting in a brief chase) or exhibi ted 
submissive behaviour by crouching with its head lowered 
and its face and eyes averted from those of the 
approaching or dominant animal. Submissive behaviour 
gener a lly arrested further aggressive behaviour by t he 
dominant individual . After the experience of aggressive 
encounters, subordinate animals exhibited active avoidance 
behaviour toward the dominant ones. 
A common defensive threat posture in quolls was 
the open- mouth display . Ge nerally the head was drawn back 
from the o pponent , the ears and vibrissae were moved 
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forward, o ne front paw was rai sed , and the animal hissed 
while gaping (Fig. 5.1). Qualls also exhibi ted open-mouth 
displays whi le fighting, though usually in these, the head 
was moved forward toward the opponent, the ears were 
flattened and eyes were narrowed. Threats of this type 
were usually interspersed with lunging at the opponent. 
Agonistic behaviour was first apparent in quolls 
at the age of 13 weeks; open-mouth threats were exhibited 
by young as a defense response to intruders. Play 
behavi our in young consisted primarily of several types of 
play-fighting such as, wrestling in a bipedal position, 
mouth-to-mouth grappling , and chasing. These late r 
represented the principal forms of contact aggression 
between adults. 
Ther e was little aggression between adults and 
juveniles during November (shortly after weaning). Although 
juveniles t e nded to avoid adults , on several occasions 
when a juvenile and adult met unexpectedly, the juvenile 
was observed to his s loudly and lunge at the adult; both 
then retreated. As the mother did not accompany the young 
once they were weaned , agonistic behaviour by juve niles 
may have served a protective funct ion. Although adults 
displayed l ow levels of aggression toward juveniles when 
t hey were small, by December adult males, in particular, 
became increas ingly intolerant of juvenile males . 
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Fig . 5.1 Juvenile eastern quoll displaying defensive 
open- mouth threat behaviour. 
Fig. 5.2 Adult female eastern quoll in a bipedal 
posture associated with i nvestigatory behaviour or 
alarm. 
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There were no obvious displays associated with 
amiable behaviour . Usually one quoll would run or walk up 
to another and either stand or sit beside it. Frequently 
this was as sociated with mutual sniffing which increased 
during the mating season (Section 5.3. 2.2) . Juveniles 
approaching their mother often put their forepaws on her ; 
although the mother was not observed to aggressively deter 
this behaviour, she usually ran off when her offspring 
attempted to climb on her. Allogr ooming between adults or 
between the mother and her weaned young was not observed. 
Sexual behaviour during the mating season 
invo l ved males following and sniffing oestrous females . 
There was no elaborate courtship behaviour. Fema les 
tended to exhibit agonistic behaviour towards a male when 
he first attempted to mount, and prolonged chases ensued . 
A male which managed to mount a female gripped the back of 
the female ' s neck in his teeth and her body wi th hi s 
forepaws . The female then became passive and raised her 
rump with her tail moved to one side . Copulation was 
observed to last for up to five hours with bouts of 
thrust ing by the male interspe rsed with resting periods . 
Males sometimes moved about the enclosure during the long 
act of copu lation and dragged the female by the neck while 
maintaining his position on her back . After copulation , 
both sexes separated and groomed themse lves. Both males 
and f e males mated several times during the breeding season 
though , after mating once , females beca me increasingly 
agonistic to the ad vances of males , particu larly ones with 
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which they had already mated . Attempts by females to 
escape from males while held in a neck grip , and the 
tendency of males to drag females around by the neck while 
mating , resulted in wounds to the necks of females in 
captivity ; similar wounds were observed in wi ld f emales. 
When oestrus was complete , males displayed no further 
sexual behaviour towards fema l es , nor was there any pair -
bonding or evidence of paterna l behaviour. 
Although females became quiet during the few days 
before birth and tended to spend more time within their 
dens , the process of birth ( and hence the associated 
behaviour) was not observed. After birth , f emale 
behaviour returned to nor mal though females spent more 
time grooming their pouches than previously . Although 
young were still attached to the teat at the end of July -
early August, they began to bulge from the pouch. At this 
time , adul t females sta r ted to show interest in one 
another ' s litters; females fo llowed other females around 
the enclosure attempting to sniff each other's pouches . 
Agonistic behaviour displayed by the f emale which was 
followed resulted in noisy wrestling matches between pairs 
of females . Fighting between breeding females rapid ly 
developed and young wh ich became di slodged from the pouch 
we re mauled. During the fights , females bit one another's 
faces and ears , and some of the wounds inflicted wer e 
quite seve re. Females trapped in the Cradoc study area 
from July to September were not found to be wounded which 
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suggests that spacing behaviour in the wild reduced the 
chances of intrasexua l violence. 
5.3.2.2 Vocalizations 
Vocalizations were recorde d during 124 (13.0%) of 
the 953 encounters obs erved between captive eastern 
quolls. The sounds emitted by eastern quol ls have been 
aptly described by Fleay (1932, 1935); most adu lt 
vocalizations are variations on gutteral hissing cries , 
and spat-hissing noises are frequently preceeded by 
staccato hisses in rapid succession as "er-shish-shish -
shish". Adult quells were never observed to emit sounds 
except when interacting with quells or other animals. 
Most sounds were found to be made by the 
approached ind ividual rather than the approacher; 46 
(37.1 %) were issued by the approacher while 78 (62 . 9%) 
were made by the animal which was approached (x2=8.2 , 
df=l, p<0 .01). The behaviour associated with the 
encounters , which resulted in a vocal r esponse by the 
animal app roached, are described in Table 5.3. Of the 78 
sounds mad e by approached quolls , 54 occurred when a male 
was approached by another male or a fema le was approached 
by another female while 24 occurred when a membe r of one 
sex was approached by a member of the other sex 
( x2=11.5 , df=l, p<o.001). There was also a significant 
difference between intersexual and intrasexual encounters 
in terms of the behaviour which provoked a vocalization; 
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Table 5.3 Behaviour of captive eastern quolls which 
resulted in a vocalization by another quoll. M=males, 
F=females, N=number of vocalizations. 
Behaviour of Percentage of Vocalizations By 
Approacher Quolls Associated with Behaviour 
Approacher 
Approacher: M M F 
Approached: F M F 
N= 18 24 30 
Aggressive : 
Stalk 0 45. 8 0 
Hiss-approach 0 8 . 3 3.3 
Chase 5.6 29.2 33.3 
Lunge 0 4.2 13.3 
Hiss-retreat 5.6 4.2 0 
Inquisitive/Sexual: 
Sniff body/face 38.9 8.3 46.7 
Sniff cloaca /pouch 16.6 0 3. 3 
Follow 22.2 0 0 
Mount 11. l 0 0 
of 
F 
M 
6 
0 
33.3 
so.o 
0 
0 
0 
0 
0 
16.6 
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37 (68 .5%) of the 54 intrase xual encounters, i n which 
sounds were produced, were the result of aggr essive 
behaviour exhibited by t he approacher compared to 7 
(29.2%) of the 24 intersexual encounters . The majority 
(70 . 8%) of the intersexual encounters resulting in vocal 
r esponses were due to se xual or inquisitive behaviour 
exhibited by the approache r. 
Of the vocalizations emitted by the approacher , 
1 3 ( 28 . 2%) were offensive whie 33 (7 1 . 7%) were offensive -
defensive (Table 5 . 4 ) . An offensive hiss was defined as 
one emitted by quoll while stalking, chasing or l unging at 
another quoll and , in all cases , resulted i n the r apid 
retreat of the approached a n imal . An offensive- defens i ve 
hiss occurred when two animals suddenly encountered one 
another and one individual , by hissing l oud ly and 
displaying an open-mouth threat , r esulted in the retreat 
of the second animal, though this only briefly preceeded 
its own retreat . There were significantly more 
vocalizations associated with an offe~sive -defence than 
with offence alone (x2=8 . 69 , df=l, p<0 . 01). 
In general , vocalizations in quolls were 
infrequent a nd we re primarily emitted by the subordinate 
animal during agonistic encounters. 
Sounds were also emitted between mother and young . 
When , at the age of about nine weeks , young detached from 
the teats and were de posited within the den , they uttered 
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Table 5.4 Percentage of vocalizations made by captive 
eastern quolls when they initiated an aggressive 
encounter . M = male , F = female, N = number of 
vocalizations . 
Approacher Approached Pe rcentage of Vocalizations 
Offensive Offensive-
Defensive 
(N = 13) (N = 33) 
M F 23. l 54.5 
M M 30 .l 33.3 
F F 7.7 9.1 
F M 38 . 4 3 . 0 
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a throaty cry " cha- cha-cha " when separated from the 
female. The mother responded with l ow "chuck" calls . 
5.3.2.3 Olfactory communication 
One of the most obvious features of the eastern 
quoll is its large , bulbous , wet nose which suggests t hat 
the sense of smell is important either for detect ing 
danger, locating food or recogni zing scents of con -
specifics. The bipedal stance of quells when they are 
investigating a novel s ituat i o n, or when they are startled 
by an unexpected event , is generally associated with thei r 
sniffing the air (Fig. 5.2). While hunting , quel l s 
generally lower their heads and sni ff the grass as they 
stalk their prey . 
I n the wild , quolls do not appear to defaecate in 
defined and conspicuous l ocalities such as the sprainting 
sites of otters Lutra lutra (Erlinge 1967; Kruuk and 
Hewson 1978) or European badgers Meles meles (Kruuk 
1978a). Although several scats were occasionally fou nd 
beneath logs, along paths or by haysheds , fresh scats were 
not depos ited in thes e sites i f the old ones were removed, 
indicating that the site was not used as a permanen t 
ma rker. Usually scats were located singly near ponds , 
along creek banks and paths , or randomly throughout the 
woods and pastures . Locating scats was generally 
difficult and an attempt to monitor the di str i bution of 
scats, by feeding known individuals meat mixtures 
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containing fragments of coloured balloons, was singularly 
unsuccessful. In captivity quolls tended to defaecate in 
one corner of the enclosure but not exclusively. There 
was little investigatory behaviour of this area by the 
residents. When scats, collected in the field from 
'unknown' quolls, were placed in the enclosure they were 
sniffed by the residents but were not observed to provoke 
urinary or defaecatory responses . 
Although captive quolls have been observed to 
dribble urine (Eisenberg and Golani 1977), similar 
behaviour was not observed during this study . However, 
oestrous females were seen to drag their cloacas over 
grass tussocks during the mating season and rubbed their 
cheeks and the sides of their bodies against their den 
boxes , along the ground and against the same tussocks 
which they had marked with their cloacas. Females were 
also observed to rub their faces and sides against other 
captive males and females. Males spent considerable 
amounts of time sniffing marked tussocks and fr equently 
rubbed themselves against them. One male was observed to 
' copulate ' with a marked tussock . Face-washing and 
grooming of the pou ch and cloaca increased in frequency in 
f e male s during the mating season and may have served the 
function of distributing scent over their bodies ; there 
was a corresponding increase in the amount o f sniffing 
both between and within the sexes . Hessian sacking soaked 
in the urine of a non-resident oestrous female resulted in 
elevated sniffing behaviour by males and a few attempts of 
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copulation with the sack . This s uggests that urine 
conveys information about the reproductive state of the 
female. Cloacal dragging and face rubbing within the home 
range of the female may advertise when she is in oestrus. 
Ventr a l r ubbing and sun bathing has also been 
described as a method of scent marking in quolls ( Eisenberg 
and Golani 1977). Capti ve quolls were occasionally 
observed to sunbathe at the entrances to their den boxes 
and usually assumed a prostr ate position with their h i nd 
legs splayed . Although ventral rubbing was not observed, 
it is possible that the sunbathing posture resulted in 
scent marking the area where the animal was lying. 
Although females were observed to rub themselves 
against their den boxes during the mating season, this 
behaviour was not observed when females deposited young in 
the den in August; it i s thus not known whether female s 
scent mark the maternal dens which they occupy exclusively 
from August to November. The role of scent in mother- young 
recognition is also not obvious. Females with young would 
commonly steal the young be longing to ano ther female; in 
August 1979, a female with six young stole three young 
from the den box of another female and reared all nine 
young successful ly. 
Although scent appears to play a role in social 
behaviour during the mating season , its poss ible function 
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in marking the home ranges or dens of quolls is not yet 
known . 
5.3.3 Encounters between eastern quolls in captivity 
From February to August 1980, 953 encounters 
between pairs of quolls were observed in an enclosure 
containing five male and five female quolls . Of the 953 
encounters, 194 ( 20.3%) were amicable, 175 (18.4%) were 
aggressive , 344 (36.1%) were inquisitive or sexual and 240 
(25.2%) were neutral. 
There were seasonal differences in the relativ e 
frequency of encounters associated with encounters (Table 
5 . 5). There was a significant difference between the 
nature of encounters observed in February- Apri l and those 
observed in May-June, due to the higher frequency of 
aggressive and sexual encounters in May-June ( x2=107 . 0 , 
df=3 , p <0 .001). Although the percentage5 of sexual and 
aggressive encounters were similar in May-June and 
July-August , there we1~ significantly fewer amicable 
encounters between quells during July- August (x2 = 29 . l, 
df=3, p <0.001). 
There was an inc r ease in the frequency of male -
female encounters in May-June compared to February-April 
but no corresponding increase in mal e -male or female -
female encounters (Table 5.6). The frequency of female -
female encounters increased during July- August and 
N 
N 
("") 
Table 5 . 5 Seasonal diffe rences in the behaviour 
associated with encounters between capt ive eastern quolls , 
February- August 1980. 
Tota l Number Month l y 
Period of Aggressive 
Encounters 
Feb- Apr 376 1 0 .9 
(Pre - breedi ng ) 
May-June 293 23.8 
(Mat i ng-Birth) 
J u ly-Au g 284 22. 5 
(Females 
with Large 
Pouch 
Young ) 
Percentage of Encounters 
I nquisitive/ Amicable 
Sexua l 
17.0 32.7 
44.7 19 .1 
5 2 . 4 5.3 
Neutral 
39.4 
12.2 
19 .7 
Table 5.6 Percentage of encounte rs between five male 
and five fema le eastern quolls in captivity , February-
Augus t 1980 
Month ly 
Peri od 
Number of 
Encounters 
Percentage of Encounters 
Feb- Apr 376 
(Pre - breeding) 
May-June 
(Mating-
Birth ) 
July-Aug 
(Female 
with Large 
Pouch Young) 
293 
284 
Male- Male Ma le-Female Female-Female 
2 3 . l 55 .1 21.8 
18 .l 70.3 11. 6 
11. 9 50 .7 37 . 3 
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corresponded with an increase in female-female aggression 
(Table 5 . 7) . Although the frequency of male-male 
encounters did not increase during May-June, there was an 
increase in the frequency of aggressive encounters between 
males at this time (Table 5.7). There was only a slight 
increase in the frequency of aggressive encounters between 
males and females during May-June; it is thus apparent 
that the increase in encounters between the sexes was due 
to an increase in sexual behaviour. 
Most aggressive encounters between pairs of 
animals involved pai rs of males ; 48.6% of all male-male 
encounters were aggressive (Table 5.8) and 61 (50.4%) of 
these 121 aggressive encounters occurred during the mating 
season (May-June). Aggression between pairs of females 
accounted for 15.9% of all female -female encounters (Table 
5.8) and 30 (88 . 2%) of these 34 encounters occurred during 
July-August when females were carrying large pouch young. 
There were relatively few aggressive encounters between 
males and females at any time of year. Most aggressive 
encoun~ers involved chases , though females frequently 
lunged at other females during July- August (Table 5 . 8). 
Aggressive behaviour between males was not 
random. Most aggressive encounters involved three males , 
the two unrelated adult males (A2 and A3) and one of the 
three males (Jl) born to Female 06 in 1979 (Table 5 . 9). 
Only 7 (5.7%) of the 121 aggressive encounters between 
ma l es involved brothers. Most aggressive encounters, 84 
Table 5.7 Percentage of aggressive encounters between 
five adu lt male and five adu l t female eas tern quells in 
captivity , February-August 1980. 
Monthly 
Period 
Number of 
Encounters 
Pe rcentage of Aggressive Encounters 
Feb- Apr 
(Pre -
breeding) 
May- Jun e 
(Mating-
Birth) 
July-Aug 
(Females 
with Large 
Pouch 
Young) 
376 
293 
284 
Ma l e-Ma le Male -Female Female-Female 
9 . 8 0.5 0. 5 
20 . 8 2.4 0 . 7 
8 .1 3 . 8 10 . 5 
Table 5.8 Behaviour associat ed with aggressive encounters between five adult male and 
five adult female eastern quolls in captivity , February-August 1980. M = ma l e , F = fema le. 
Approacher Approached Total Number of Percentage of Aggressive Encounters 
Number of Aggressive Stare- Hiss-
Encounter s Encounters Total Stalk Approach Chase Lunge 
M M 249 121 48 . 6 14.8 3 . 3 79.3 2 . 4 
"° 
M F 327 12 3.7 41. 7 25 . 0 33.3 0 
N 
(") 
F F 214 34 15.9 11. 7 0 35 .3 52 . 9 
F M 163 8 4 .9 0 12 . 5 62.5 25 . 0 
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Table 5.9 (a) Pe rcentage of aggressive encounters between 
pairs of male eastern quolls in captivity. Number o f males 
= 5, number of aggressive encounters = 121. 
Animal 
Number 
A3 
A2 
Jl 
J2 
J3 
(b) 
Animal 
Number 
A3 
A2 
Jl 
J2 
J3 
Percentage of Aggressive Encounters 
A3 A2 Jl J2 J3 
57.8 7 . 4 3 .3 0.8 
18 .2 4. 9 1. 6 
4.9 0 . 8 
0 
Pe rcentage of aggressive encounters initiated by 
each of the five captive ma l es . 
Tota l Number of Number of % 
Aggressive Encounters Aggressive 
Approaches 
84 81 96.4 
100 8 8 . 0 
38 31 81. 5 
16 4 25 . 0 
4 0 0 
(69.4%) of 121, 
70 (86.4%) were 
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involved Male A3; of the 81 he initiated , 
directed towards male A2 . Male Jl was the 
second most aggressive male ; of the 31 encounters he 
initiated, 21 (5 0.8%) we r e directed towards Male A2. Thu s 
while Male A2 was involved in 100 aggressive encounters, 
he was the recipient of 91 aggressive approaches by Males 
A3 and Jl. Male A2 was observed to make only eight 
aggressive approaches , none toward Male A3 and only one 
toward Male Jl. The relationships between the five males 
on the basis of the frequency with which they aggressively 
approached one another is illustrated in Figure 5.3 . 
Although Male A3 appeared to be the dominant male in the 
enclosure , the re was no strict hierarchy among the males. 
Little aggress ion was observed between Males A3 and Jl, 
primarily because they avoided one another. Male Jl was 
dom inant over Males A2 and J2 though generally there was 
little aggression between brothers. Male J 3 received the 
fewest aggressive approaches; he was a quiet mal.e and 
spent much of his time si tting amongst the bu shes in the 
enclosure. 
To determine whether t he levels o f aggression 
observed between males ramified into other aspects of 
their socia l behaviour, the number of times that pairs of 
males were found to share a den box was examined (Fig . 
5 . 4) . Male J3 who displayed the least aggression towards 
other males was found to share a den with all other males 
at a much higher frequency than did ma les which were 
aggres s ive towards one another during their nightly 
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A3 
J2 J3 ~ 
2~ 
A2 
Fig . 5 . 3 Percentage of aggressive encounters between 
pairs of males in captivity. Number of aggressive encounters 
= 121. 
A3 
6 
9 
36 
J3 ~ J2 
A2 
Fig . 5 . 4 Percentage of den sharing between pairs of 
males in captivity . Number of records of pairs of 
males sharing dens = 112 . 
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activity. A negative correlation was found to exist 
between the number of aggressive encounters between pairs 
of males and the number of occasions that pairs of males 
were found to share den boxes (rs=-0.94, N=lO, p<0 . 001). 
The introduction of unfamiliar quells to the 
enclosure resulted in an increase in aggressive and 
inquisitive encounters between the ten residents (Table 
5.10), as well as aggression between the residents and the 
introduced animals (Table 5.11). During March, there was 
a significant increase in the number of aggressive and 
inquisitive/sexual encounters and a decrease in amicable 
and neutral encounters between residents during the four 
nights that foreign animals were added to the enclosure 
compared to the six days in March before and after the 
introductions cx2=86 . 9, df=3, p<O . 001). Similar . .J_y 
during May, there was a significant difference between the 
types of encounters between residents while foreign quells 
were in the enclosure andduring the six days before and 
after thei r introduction (x 2=86.9, df=3, p~0 . 001). 
Similar,_,ly during May, there was a significant difference 
hetween the types of encounters between residents while 
forei gn quolls were in the enclosure _and. during the thre e 
days before and after their introduction (x2=15.l , df=3 , 
p<0 . 01) . Thus, the presence of unfamiliar quells changed 
the behaviour of residents towards one another primarily 
by inc reasing the frequency of aggressive and 
inquisitive/sexual encounters . 
.--l 
(") 
(") 
Table 5.10 Effect of unfamiliar eastern quolls on the frequency of 
behaviour associated with encounters between resident eastern quolls within 
an enclosure. 
Monthly Total Number Percentage of Encounters 
Period of Encounters Aggr ess ive Inquisitive/ Amicable Neutral 
(Before or Between Sexual 
During Residents 
Introduction) 
March: Before 128 10 . 9 17.2 32 . 8 39. 1 
During 181 47.5 32 . 6 9.4 10.5 
May: Before 16 2 23 . 4 45.0 19. 1 12. 3 
During 194 32.5 51. 5 6.7 9 . 3 
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When an unfamiliar quell was added to the 
enclosure, the residents di splayed considerable curiosity; 
this usually involved foll owing the new animal while 
att empting to sniff it. The introduced quell usua lly 
responded agonistically by hissing and running away , 
resulting in lengthy chases throughout the enclosure. In 
total, there were significantly more encounters between 
residents and unfamiliar quells which were based on 
inquisitive or sexual behaviour than aggressive or neutral 
behaviour (x2=3 32. 4, df=2 , p<0.001) (Table 5.11). 
Although the residents approached the unfamiliar quell on 
411 (91.9%) of the 447 encounters between them , as there 
were 1 0 residents to each introduced quoll , it is not 
possible to draw any conclusions from the large disparity 
in the frequency of approaches. There was no significant 
diffe r ence between the frequency of encounters initiated 
by resident males and females , or the frequency with which 
unfamiliar males and females were approached by resident 
males and females. However , resident males made 
significantly more aggressive approach es toward unfamiliar 
males than females ( x2=29 .5, df=l, p<0 . 001 ) and 
significantly more inquisitive or sexual approaches toward 
unfamiliar females than males (x2=18.2, df=l, p<0.001). 
Resident females exhibited similar behaviour towards 
unfami l iar males and female s; most encounte r s involved 
sniff- chases. Unfamiliar quolls displayed significantly 
more inquisitive than aggressive behaviour in their 
approaches towards residents (34 inquisitive approaches 
compared to 1 aggressive approach ) and significantly mo re 
t-1'1 
IV") 
IV") 
Table 5.11 Behaviour associated with encounters between r es ident and unfamiliar 
quolls in captivity. An unfamiliar male and female were each added separately to an 
enclosure containing ten resident quolls for two days in March and two days in May 
1980. 
Approacher Approached 
Resident Male Unfamiliar Male 
Resident Male Unfamiliar Female 
Resident Female Unfamiliar Male 
Resident Female Unfamiliar Female 
Unfamiliar Male Resident Male 
Unfamiliar Mal e Resident Female 
Unfamiliar Resident Female 
Female 
Total Number 
Totaf 
Number 
of 
Encounters 
105 
89 
96 
121 
4 
21 
8 
447 
Percentage of-Encounters 
Aggressive Inquisitive/ Neutral 
Sexual 
70.4 29.5 0 
12. 3 84.2 3.4 
7.3 92.7 0 
3.3 92.5 4.1 
25.0 75.0 0 
0 100 0 
0 87.5 12.5 
21. 7 76.3 2.0 
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approaches were made towards resident females than 
resident males (x2=13 . 4 , df=l, p<0.001). 
5.3.4 Patterns and levels of activity of captive and 
wild eastern quolls 
A compari son was made of the patterns and level s 
of activi ty of captive quolls from February to August 
1 980 . As the number of animals in captivity was constant 
o ver this period and food was supplied ad l ib ., changes in 
activity l evels may reflec t behavioural changes associated 
with the reproductive condition of quolls . Activity 
level s in captive animals w r.re then compared to those of 
wild animals dur ing the same periods. 
Levels of activity in captive animals w ere 
calculated as the average distance that Males A2 a nd A3 
and Females 06 and 03 moved every five minutes during the 
three-four hour periods of nightly observation from 
February to August 1980 (Table 5.12a) . There was a 
significant increase in the activity levels for males from 
February- April to May-June (t=2.96, df=62, p~0. 01) and for 
females from May-June to July- August (t=2 . 90 , df=48 , 
p<0.01) . These increases in activity corresponded to the 
periods of increased aggressive encounters between males , 
and females, respectively . Similar changes in activity 
levels were found to occur in quolls at Cradoc: activity 
was calculated as the average distance moved every 1 5 min 
(i.e . between consecutive readings at 15 min intervals ) by 
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Table 5.12 Average distance moved by captive eastern 
quolls every five minutes per night . 
(a) Seasonal differences in the average distance 
moved. 
Monthly Number of Average Distance Moved 
Period Nights (m/5 min + 1 S . E. ) 
Males Females 
(N = 2) (N = 2 ) 
Feb-Apr 19 5.07 + 0. 35 s.21 + o.76 
May-June 13 6.33 + o .ss 3.74 + a.so 
- -
July- Aug 12 5.97 + 0.46 5.89 + 0 . 48 
-
(b) Effect of the introduction of an unfamiliar 
quoll on the average distance moved every 
five minutes by resident quolls . 
Monthly 
(Before or 
During 
Introduction) 
March: Before 
During 
May : Before 
During 
Number of 
Nights 
6 
4 
7 
4 
Average Dis tance Moved 
(m/5 min + 1 S.E .) 
Males Females 
(N = 5) (N 5 ) 
4.93 + 0.63 4. 84 + 0. 78 
-6.27 + o . ss 7,59 + 1.15 
6.01 + 1. 70 4.12 + o.ss 
- -7.84 + 1.48 5 . 45 + Q. 60 
- 336 -
radio tracked quolls (Table 5 . 13). There was a significant 
increase in the average distance moved by males from 
February-April (109 . 4 + 8 . 1 m/15 min) to May-June , (190 . 4 
~ 23 . 3 m/15 min) (t=4 . 03, df=71, p<0 . 01). Although 
females were more active in July-August (118.9 ~ 8.6 m/15 
min) compared to May-Jun e , (99.0 + 9.3 m/15 min ), maximum 
activity levels of f emales occurred in Septembe r-January 
(135 . 2 + 9.5 m/15 min) (comparing September-January with 
the rest of the year; t=3 . 77 , df= l61 , p<0 . 001) . 
Act i vity levels of captive quolls also increased 
in response to the introduction of unfamiliar (i.e. non-
resident) quolls (Table 5.12b). Both males and females 
were more active when unfamiliar quolls were present in 
the enclosure than before their introduction both during 
March and May. 
The pulse rate of an activity transmitter was 
used as an indicator of both the patterns and levels of 
activity of quolls in captivity . Anima ls were found to 
emerge from their dens around sunset and to exhibit bouts 
of activity until dawn (Fig. 5 . 5) . Bouts of activity 
ranged from a few minutes to about three hours and were 
interspersed with resting periods during which the animal 
either retired to its den box, or sat or slept outside its 
den box . Patterns of activity varied between indi viduals 
and between nights fo r the same individual i ndica ting that 
animals did not have fixed activity schedules . 
Obs ervations of captive animals r e vealed that all ten 
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1 4 JAi" I 980 
16 
DAWN +- Tllll( DUSK 
Fig. 5.5 Normal activity patterns of eastern quolls 
in captivity . The activity record was determined from 
the pulse rate of activity transmitters; the baseline 
indicates the basal pulse rate of the transmitter and 
indicates inactivity of the animal wearing the 
transmitter . 
23 "PR 1 iBQ 
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quolls were usually act ive simultaneously and that 
temporal partitioning of the use of space within the 
enclosure did not occur. 
The introduction of a n unfami liar quoll t o the 
enclosure resulted in a disrupti on of nor mal activity 
patterns of the r esident quolls (Fig. 5.6a). The act ivity 
leve l of Male Jl on 18 March 1980 was considerably 
e l evated when an unfami liar male was added to the 
enclosure in comparison to Mal e Jl ' s activity levels on 
20 April 1980 (Fig . 5 . 6d); Male Jl was con tinuously active 
f or more than four hours compared to hi s normal bouts of 
act ivi ty of one to t wo hours. Activity patterns and 
levels of males were also elevated during the mating 
season (May- Jun e ) (Fig. 5.6b) ; an e xampl e of the activity 
levels of Male Jl on 25 May 1980 indicated a prolonged 
period of activ i ty (six hours of continuous activity ) 
compared to his normal leve l s (Fig . 5.6d). Female 
act ivi ty levels during May-June were not different from 
their normal lev els t hough whe n females were carrying 
large pouch young in late J uly there was an i ncrease in 
female activi ty (Fig. 5 . 6c) a ssociated with fight ing 
between females; an example o f Female 06 on 23 July 1980 
revealed constant activity for approximately six hours 
after dusk . 
The relative activity of radio colla r ed quolls 
was calcu lated on a night l y basis as the percentage of 
fi ve minute intervals that an indivi dual was inactive 
! - _-
( A ) 
!Ol 
DAWN 
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18 WAR 1980 
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20 APR 1980 
I B 16 
DUSK 
Fig. 5.6 Increased activity l evels of captive eastern 
quolls (A-C) compared to a normal pattern of activity (D) . 
(A) Activity of a 'resident' male when an unfamiliar quoll 
was introduced to the enclosure. (B) Activity of a male 
during the breeding season. (C) Activity of a female 
due to aggressive behaviour between females with large 
pouch young. 
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(basal pulse rate), engaged in low activity or in high 
activity (Section 5.2.2). Low activity levels were 
generally associated with walking, eating and grooming; 
high activity levels were generally associated with 
running or fighting. Males were found to spend the 
highest proportion of their time in high activity during 
May- June (Table 5 . 13). During July-August, males 
continued to display high levels of activity (though lower 
than in May-June) but there was a large increase in the 
amount of time they were inactive. Females exhibited 
highest levels of activity during July-August (Table 5.14). 
By two methods of assessing activity (average 
distance moved and activity transmitters), captive males 
were found to be most active during May- June and captive 
females during July- August . The introduction of 
unfamiliar quolls resulted in elevate d activity levels in 
resident animals. 
5 • 3 . 5 Summary of Results 
1 . Only a small portion of the nightly activities of 
eastern quolls in captivity involved social behaviour. 
2 . Most visual displays between captive quolls 
involved agonistic behaviour . Vocalizations were 
infrequent a nd were usually emitted by a quoll which was 
aggressively approached by another individual. Although 
females were observed to scent mark the enclosure when 
Table 5.13 Average distance moved (A.D.M.) by e astern quolls i n the 
Cradoc study area every 15 minutes per night, April 1980 - June 1981. 
Monthly Males Females 
Peri od Numbe r Number A.D .M. Number Number A.D.M. 
of of (m/ 15 min of o f (m/15 min 
Males Nights + 1 S.E.) Females Nights + 1 S. E . ) 
Feb-Ap r 8 47 109.4 + 8.1 11 59 88 . 2 + 7.6 
May-June 5 26 190.4 + 23.3 21 2 1 99.0 + 9.3 
r-l 
o;;)' 
(Y) July-Aug 4 19 157.3 + 13.5 2 7 118 .9 + 8.6 
Sept- Jan 7 49 154.8 + 13.4 12 76 135.2 + 9.5 
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Table 5.14 Seasonal changes in the activity levels of 
captive eastern quolls based on the pul se rate of an 
activity transmitter. 
Monthly 
Period 
(a) Males: 
Oct-Nov 
Dec-Jan 
Feb- Apr 
May-June 
July-Aug 
( b) Females: 
Oct-Nov 
Dec- Jan 
F eb-Apr 
May-June 
July-Aug 
Number 
of 
Nights 
9 
5 
8 
8 
6 
5 
8 
9 
7 
7 
Percentage of Five Minute 
Intervals from Sunset to 
Sunrise 
Inactiv e Low 
Activity 
High 
Activity 
67 
53 
45 
25 
44 
70 
57 
39 
55 
32 
17 
34 
25 
13 
11 
18 
9 
32 
29 
13 
17 
13 
30 
62 
45 
12 
34 
29 
16 
55 
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they were in oestrus , it is not known whether scent is 
used more generally in marking the home range. 
3 • There was an increase in the frequency of 
aggressive encounters between males during the mating 
season (May-June) and between females when they were 
carrying large pouch young (July-August). 
4. There was an increase in the frequency of male-
female encounters during May-June and a corresponding 
increase in sexual behaviour. 
5 . A nonlinear dominance hierarchy formed between 
males based on the frequency with which each male 
aggressively approached every other male . 
6. The introduction of unfamiliar quolls resulted in 
an increase in frequency of aggressive encounters between 
resident quol ls, as well as high levels of inquisitive and 
aggressive behaviour by the residents towards the 
unfamiliar quoll. 
7 . Wild and captive males were more active during 
May- June than other times of year . Captive females tended 
to be more active during July-August than February- June 
and although wild females were more active in July-August 
tha n February- June , they were most active during 
September-January. 
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8. Qualls in captivi ty normally demonstrated an 
activity pattern in which bouts of activi ty were inter-
spersed with resting periods. This activity pattern was 
disrupted for males during the mating season (May-June), 
for females during the end of July and fo r both sexes when 
unfami liar quolls were added to the enclosure . 
5.4 Discussion 
Dasyurids are generally considered to be solitary 
spec ies with most socia l interactions between conspecifics 
occurring at the time of mating and while the mother rears 
her young (Croft 1 982 ). The low frequency of s ocial 
behaviour in captive quolls (Table 5.2) suggests that they 
conform to this general behaviour pattern. 
Croft (1982) suggested that, as dasyurids are 
primari l y asoc ial a nd nocturnal , olfactory and auditory 
communication is more developed than visual communication. 
Although enclosures may place unnatural constraints upon 
animals , particularly asocial species or those which have 
large home ranges , one would still e xpect some evidence of 
scent ma r k ing, or the emiss i on of a varied rep~toire of 
s ounds if either method was important in the soc i a l 
behaviour of the species . However, other than scent - marking 
in oestrous females , there was little indication that 
scent was used by quolls for communicating information to 
c onspecifics . I t i s possible that in the wild, depos ition 
of scats and urine is used to familiarize each res i den t 
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with its home range, as well as to inform neighbouring 
residents of the areas within the home . range that it uses 
most intens ly. The absence of more specialized uses of 
scent such as for territorial markers or advertising 
social dominance (Ralls 1971) supports the idea that 
marking b ehaviour need not be prese nt in solitary species 
(Eisenberg and Kleiman 1972). 
Vocalizations, other than between mother and 
young, were primarily emitted as a threat defence by an 
individual when attacked or threatened by another, and 
thus seem unlikely to represent a mechanism for 
maintaining interindividual distances . In this r egard 
quolls appear to be similar to many solitary euthe rian 
carnivores in which most vocalizations are associated with 
threat (Ewer 1973) . In stoats Mustela erminea, 
vocal izations we re usually made b y the subdominant 
individuals in relation to being threatened ( Erlinge 
1977a). As most aggressive interactions between captive 
male quol ls were instigated by the two dominant males, 
defensive hisses were generally emitted by subordinate 
males in male - male encounters. Fema les also became vocal 
when re s isting attempts by males to mate and when fighting 
with other f ema les during July - August. In contrast to 
the restricted vocabulary of solitary carnivores, social 
soecies such as meerkats Suricata suricatta have a broad 
.L ·--w ------
other 
range of calls for conveying a variety of informationAthan 
just threat (Ewer 1973). Among the dasyurids , the 
Tas~anian devil Sarcophilus harri s ii has the largest range 
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of calls (Croft 1982), producing eight vocalizations and 
two mechanically-made sounds (Eisenberg et a l. 1975); this 
suggests that there is a greater emphasis on voca l 
communication in Tasmanian devils, which are known to form 
groups, at l east while feeding (Buchmann and Guiler 1977), 
than in the smaller, and perhaps more asocial, quoll. 
Visual displays between quolls were primarily 
concerned with agonistic behaviour, i.e. threat- attack or 
submission-avoidance . Based on the outcome of encounters 
between males, in particu lar, avoidance and submission 
were important in reduc ing the frequency of aggressive 
encounters and in maintaining individual distances. In 
the enclosure , avoidance depended on a subordinate animal 
actually watching the movement of a domi nant animal and 
then modifying its activities or direction of movement to 
avoid contact . Perhaps because the enclosure prevented 
animals from retreating beyond eye - sight, thus p r omoting 
greater contact than would have occurred in the wild, 
males formed a dominance hierarchy. The format ion of 
hierarchies in various species of dasyurid has been 
reviewed by Croft (1982); in all species, domi nance 
relationships were determined from the outcome of 
agonistic encounters between pairs of an i mals in captivity 
or in 'neutral ' arenas , and as such may not reflect stable 
soc ial structures in the wild. However, avoidance and 
I 
submissive behaviour in captive quolls does suggest that 
experience influences the relationship between individuals 
and may promote intrasexual spacing behaviour in the 
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wild. Wher eas in captivi ty two males were dominant to 
three others , in the wild , dominance may be site- specific 
as has been described , fo r example in Stellar's jays 
Cyanocitta stelleri (Brown 1963) and yellow- bellied 
mar mots ~~rmota flav_;!:_~_entris (Armitage 1962) . Aggressive 
behaviour exh i b ited by r esident quell s within their home 
ranges, particu l arly wh e r e they were most active near 
their geometric centers of activity, may explain the 
inve rse relationship between the intensity of activi ty of 
each r esident and i ts neighbours (Section 3 . 3 .4.1 ). 
Maintenance of inter-individual d istance may therefore 
entail familiarity and avoidance between r esidents based 
on previous aggr essive encounters , similar to that 
observed between subordinate and dominant indivi duals in 
captivity. The tendency of captive males , which exhibited 
high l evels of aggressive b ehaviour towards one another, 
not to s hare dens may also explain why males which were 
c lassi fied as having similar home range patterns (Section 
3.3 .4.2 ) did not have simi lar patterns of den use (Section 
4.3.6), that is, if avoidance behaviour between neighbours 
with overlapping home ranges was based on the outcome of 
aggressive encounte r s . 
Low levels of aggression between females in 
captivity may have been due to the fact that most of the 
fema l es wer e r elated (a mother, three daughters and one 
unrelated female) . However , as at l east one of the groups 
( o r ' neighbourhoods ' ) of quells at Cradoc was known to 
contain a large number of related f ema l es (Section 
- 348 -
3.3.4.2), the enclosure community may have, at least 
partially, mimicked relationships in the wild. There were 
very few acts of aggression between the unrelated female 
and the other four females until females were carrying 
la rge pouch young at the end of July; aggression then 
involved all females, both related and unrelated. 
Fighting and associated increases in activity in females 
about the time that young were to be deposited in a den 
suggests that intrasexual aggression may arise in response 
to competition for the potentially limited number of 
suitable maternal dens. 
Similar to the relationship between females , there 
were low levels of aggression between males and f emales 
outside the breeding season. There was however little 
amicable behaviour, and no evidence of pair-bonding. 
There was no evidence of males being dominant to females, 
as in some mustelids (Lockie 1966; Erlinge 1977) or 
Tasmanian devils Sarcophilus harr~sii (Guiler 1970, 1971), 
both of which, exhibit a revers a l of dominance when 
females become pregnant. 
The sexua l behaviour of quolls suggests that they 
are promiscuous breeders; courtship was r udimentary and 
both sexes mated with more than one individual. If quolls 
are basically solitary i n the wild, then one would expect 
dramatic changes in behaviour dur ing the short annual 
breeding season for drawing the sexes together . Although 
mating ca lls are known to be important in many solitary 
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eutherian carni vores (Ewer 1973) and several species of 
dasyurid (Croft 1982) , vocalizations between quolls for 
the purpose of courtship were not heard in captive 
animals. Olfactory cues may however play on important 
role. Cloacal-dragging and rubbing behavour in oestrous 
females, coupled with sedentary behaviour (i.e. l ow 
activity levels and small home ranges) may aid t he male in 
"homing- in" on fema l es. High activity levels and enlarged 
home ranges, indicative of the greater mobility of males 
during the breeding season, would increase the opportunity 
of males locating several females, particularly if aided 
by olfactory cues. Selection for large body size in males 
may reflect the reproductive-mating strategy of quolls as 
has been suggested for polygynous rnustelids (Moors 1980) . 
Longer leg length (compared to fema les) would probably 
enhance male mobility and , being a promiscuous breeder , 
would allow greater opportunity for males to mate with 
several females. Intrasexua l competition, which is 
commonly held responsible for the selection of sexual 
dimorphism in species with polygynous o r promiscuous 
mating systems (Brown 1975; Erlinge 1979), may also 
account for the increased levels of aggression between 
male quolls a t this time . Although it has been suggested 
that dominance is enhanced by size in some mustelids 
(E rlinge 1977a; Moors 1980), one of the two dominant male 
quolls in the present study (Male Jl) was smaller than one 
of the subordinates (Mal e A2). As dominant quolls were 
obse rved to interfere with , but not to preclude, mating 
attempts by subordinate males , the relationship bet wee n 
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body size , dominance and reproductive success is as yet 
unestablished. The phenomenon of increased aggression 
among male quolls during the breeding season appears 
however to be typical of many mammals (Sadlier 1965; 
Healey 1967; Maclennan and Bailey 1969; Braithwaite 1974) 
and may be responsible for dispersal or mortality of males 
at this time (Sections 2.3.3 .2). 
The addition of an unknown quoll to a community 
of animals which were familiar with one another , was found 
to be socially disruptive : activity levels increased , 
normal patterns of activity were distorted , and the 
frequency of aggressive acts among residents increased ; in 
addition , there was a high frequency of inquisitive and 
aggressive acts directed towards the introduced animals. 
Increased aggression between residents appeared to be the 
consequence of a deterioration in the normal avoidance 
behaviour of subordinates towards dominants as they 
investigated the ' intruder' . While chasing the intruder, 
the frequency with which resident animals e ncountered one 
anothe r increased , and as dominant males , in particular, 
tended to be aggressive in their interactions with unknown 
males , this aggression was extended towards both 
s ubord inate males and females . Aggressive behaviour of 
r es ident male quolls toward strange males may poss i bly 
prevent them from settling within the home r anges of the 
residents, though no proof of this was available from the 
wild population . The increase in the number of transient 
males in the population during the breeding season 
- 351 -
{Section 2 . 3.3 . 2) and in juveniles during summer (Section 
2 . 3 . 3 . 1) may however resu l t in a breakdown in norma l 
spacing patterns and social relationships betwe en 
residents, and be an influencing factor in the lowe r ed 
survival rates of residents at these times. 
In general, t he social relationships between 
quolls appear to rely on familiarity; for males , the 
maintenance of individual distances reli~on mutual or 
un ilateral avoidance behaviour due to aggression , and for 
fema l es , and males and females, i ndividuals deliberately 
ignore one another . Although in captivity, avoidance 
behaviour depended on visual contact, it is possible that 
olfaction plays a greater role in the wild than observed 
in confined animal . 
Changes in behaviour and activity levels in males 
during the mat ing season and in f emales when they were 
ready to deposit their large pouch young in the den 
suggest that hormones may have played a role in 
behavioural changes . As male mortality increased during 
the mating season , a physiological- behavioural mechanism 
may therefore be responsible for changes in survival rates . 
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Chapter Six 
CORTICOSTEROID AND ANDROGEN CONCENTRATIONS 
IN PERIPHERAL PLASMA OF EASTERN QUOLLS 
6.1 In troduction 
Reduced survival rates of male quolls occurred 
during and following the breeding season when activity 
levels and aggression in males were known to increase . 
Low survival rates of adult females occurred primarily 
during summer when population density was greatest. If 
behavioural factors were responsible for intersexual 
differences in survival rates, then a behaviour- endocrine 
mechanism such as that proposed by Christian (195 0 ) may 
explain these events . It was postulated that activation 
of the pituitary-adrenal axis pr imarily by agonistic 
social interaction could increase the mortality rate 
either directly through "shock disease" or ind irectly, 
and mor e commonly, by lowering the resistance of the 
individual to disease through parasitism or adverse 
environmental cond i tions (Christian and Davis 1964; 
Christian et al. 1965; Brayton and Brain 1974). The 
effect of increased stress under conditions of increased 
population density or in response to increased agonistic 
behaviour, as for example occurs between male quolls 
during the breeding season , may , by increasing 
corticosteroid concentrations , result in decreased 
survivo~rship . 
- 353 -
Although researchers studying the relationship 
between adrenocortical activity and the density or 
behaviour of animals in a population have traditionally 
measured total plasma corticosteroids (Christian and Davis 
1964, 1966; Clulow et al. 1969; Archer 1970; Andrews and 
Belknap 1979), research on the brown antechinus Antechinus 
stuartii, a small marsupial insectivore in the family 
Dasyuridae , has shown that the die- off of all males in the 
population after the breeding season was related to the 
amount of biologically active corticosteroid in peripheral 
blood (Brad ley et a l. 1975, 1976; Lee et al . 1977). Total 
plasma corticosteroid concentrations consist of three 
fractions: a small free fraction , a small fraction which 
is weakly bound to albumin , and approximately 80 percent 
(in man and the brushtail possum Trichosurus vulpecula ) 
which is bound to transcortin-like high-affinity plasma 
proteins (McDonald 1977). As only the free and albumin-
bound fractions of corticosteroid are biologically active, 
a decrease in the concentration of the binding globulin 
would result in an increase in the biologically active 
fractions. During the post-mating period of antechinus , 
the maximum corticosteroid b i nding capacity , which gives a 
measure of plasma transcortin concentration, decreased 
below the level of the peripheral plasma corticosteroids 
(Bradley et al. 1976; Lee et al . 1977). This has b een 
associated with pathological conditions which result in 
the mortality of male brown antechinuses (Cheal et al . 
1976). 
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To determine whether a similar endocrinological 
pattern occurred in eastern quolls, both the total 
corticosteroid concentration and the maximum corti-
costeroid binding capacity w ere measured in the peripheral 
plasma of quolls for a period of 14 months . The 
concentration of plasma androgens was also examined to 
determine whether there was a correlation between the 
maximum corticosteroid binding capacity and testosterone 
concentrations. In male brown antechinuses, the binding 
capacity decreases at high concentrations of testosterone 
(Bradley et al. 1980) which indicates that the timing of 
--
increased adrenocortical activity is dependent on the 
breeding season. Increased androgen levels may be 
responsible not only for the initiation of mating 
behaviour, but also the suppression of the maximum 
corticosteroid binding capacity (Bradley et al. 1980). 
Increased androgen levels may thus indirectly cause an 
increase in mortality by influencing free corticosteroid 
levels a nd, hence, immune suppression . In ad di ti on, 
increased androgen levels have been associated with 
aggression (Beeman 1947) which, in turn, has been 
associated with the self- regulation of mammalian 
populations (Healey 1967). Interest wa s thus focused on 
the correlation between androgen concentrations in adult 
quolls and periods of increa sed mortali t y. 
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6.2 Methods 
Blood samples were collected from trapped 
quolls each month from May 1980 to June 1981. Approximately 
1 ml of blood was collected from a lateral ear vein. From 
May to December 1 980, samples were collected in Wass eman 
tubes containing one drop of the enzyme inhibitor, 
thiomerosil (4 mg/ml). Samples were centrifuged and the 
plasma transferred to separate vials. To reduce problems 
of haemolysis, samp les were collected, from January to 
June 1981, in capillary blood serum separator tubes 
( "Microtainer" b rand). Plasma was separated from the red 
blood cell s soon after collection by the use of a portable 
microcentrifuge operated at a farm near the study area. 
Samples were sent to Dr I.R. McDonald and Dr Khin Aye Than 
at Monash University , Melbourne for analysis of 
corticosteroid and androgen concentrations. Corticosteroid 
concentrations were measured by the competitive protein 
binding assay technique (Murphy et al. 1963) using dog 
plasma . The maximum corticosteroid binding capacity of 
the plasma was determined by a modified separation method 
(Murphy et al. 1963) and androgen concentrations were 
c: 
measured by radioimmunoassay (Cajro et al. 1974). 
Most of the quolls sampled were resident 
animals which had been trapped many times previously and 
were generally quiet at the time of sampling. Traps were 
placed in shel tered sites, covered wi th hessian bags and 
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stocked with hay for bedding; this is believed to have 
minimized the effect of weather on the trapped animals 
especially in winter. Although sampling commenced in the 
early morning it was frequently afternoon before the last 
animal was relea sed. Diurnal variations in corticosteroid 
concentrations have been detected in the brushtail possum 
Trichosurus vulpecula (Khin Aye Than and McDonald 1973) . 
Although corticosteroid l evels in quolls may also 
fluctuate throughout the day , as samples were generally 
collected over the same time period ( 8.00 - 14.00 hrs), 
diurnal effects would probably have been small compared to 
seasonal ones. 
Due to bacterial contamination of the blood 
samples collected in November 1980, values for this month 
were omitted . 
6.3 Results 
6.3 . 1 Corticosteroids 
Cortisol was found to represent 85- 87% of the 
total peripheral plasma corticosteroid: this agrees with 
findings of Weiss and Richard s (1971). 
The concentrations of corticosteroids in 
peripheral blood plasma in quol ls varied with the time of 
year (Fig. 6.1). Highest concentrations in both males and 
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Fig. 6.1 Mean monthly concentrations of peripheral 
plasma corticoster.oid and the maximum corticosteroid 
binding capacity (± 1 S . E.) for (A) male and (B) female 
eastern quolls. See Fig. 6.2 for sample sizes. Solid 
line indicates adults; dashed line indicates juveniles . 
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females occurred in December which coincided with the time 
of maximum population density (Fig. 2.1) . In adult males 
the r e was a significant decrease in cortisol concentration 
between December 1980 and Janua ry 1981 ( t =l.81, df=ll, 
p <0. 05) despite the persistence of large numbers of 
animals KTBA in the population . In contrast , corticosteroid 
levels in adult females remained high until February . 
Corticoste roid concentrations were significantly greater 
i n adult fema les than adult males in February ( t =l.85, 
df=l 3 , p<0.05) although t hey were not significantly 
greater in January. 
Despite high corticosteroid concentrations 
during months of high population density, there was no 
significant correlation between corticoste roid levels a nd 
the number of animals known to be alive when all months 
This poor were examined (males , r=0.32; females , r=0.19). 
correlation is a consequence of an increase in 
corticosteroid concentration during , and immediately 
preceding , the breeding season when the population density 
was relatively low. For both sexes , increases in cortico-
ster o i d levels occurred in June 1980 and in April -May 
1981. The reason for differences between these years is 
unknown though mating was approximately a week later in 
1981 than 1980 . 
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Although there were variations in the maximum 
corticosteroid binding capacity throughout the year, in 
a ll months it was greatly in excess of the peripheral 
plasma corticosteroid concentration for both males and 
females. Increases in the maximum corticosteroid binding 
capacity coincided with increases in peripheral plasma 
corticosteroid concentrations during the breeding season 
and during the months of increased population densities. 
This indicates that the biologically active fraction of 
cortisol in blood plasma did not increase despite 
increase s in total cortisol concentrations. 
There was no significant difference in 
adrenocort ical activity between juvenile males and females 
from November 1980 to April 1981 despite differences in 
their respect ive rates of survival. Plasma c ortisol 
concentrations in j uveniles was similar to that of adult 
f emales , and tended to be higher than those of adult males 
until February (F=4.76, df=ll, p=0.007). 
Th e re was no correlation between body weight 
and the concentrat ion of corticosteroid in peripheral 
plasma in adult males or juveniles of either sex. There 
was a weak negative correlation between these variables 
for adult fe~ales (r=-0.60). 
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6.3.2 Androgens 
The principal androgens in peripheral plasma of 
quolls were plasma testosterone and dehydrotestosterone. 
The concentration of androgens in peripheral plasma varied 
throughout the year in both male and female quolls (Fig . 
6. 2) • In males, peak concentrations occurred in May 1980 
and 1981. This coincided with maximum scrotal sizes (Fig. 
2.12) which reflect incre ased weigh ts of the testes , 
i(L 
epididym?s , p r ostate and Cowpers glands at this t i me 
(Fletcher 1977). 
There was also a slight inc r ease in androgen 
concentration from December to February. As male quolls 
were not sexually active at this time and scrotal widths 
were small, it is presumed that the adrenal cortex was 
responsible for the production of androgen . 
High concentrations of plasma androgen were 
detected in female quolls during June 1980. Although 
there was a slight increase in androgen levels in May-June 
1981, this was considerably lower than the preceding 
year . As testosterone is an intermediate in the 
biosynthesis of oestrogen , plasma androgens in females 
during May - June were probably produced by the ovaries . 
Like males , females were found to have slightly elevated 
levels of androgen from December to February . 
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Fig. 6.2 Mean monthly concentrations of total 
androgens in peripheral plasma of (A) male and (B) 
female eastern quolls. Solid line indicates adults; 
dashed line indicates juveniles. Numbers above 
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There was no correlation between the maximum 
corticosteroid binding capacity and total androgen 
concentrations in periphera l plasma for either sex (males, 
r=0.12; females, r=-0.04). 
6.3 .3 Summary of Results 
1. The concentration of peripheral p lasma cortico-
steroids in male and female quolls varied with the time of 
year. Peak concentrations occurred in December, the time 
of maximum population density. 
2 . Increases in corticosteroid levels in both 
sexes also occurred during the b r eeding season though 
there was some variation between 1980 and 1981. 
3. The maximum corticosteroid binding capacity was 
in excess of the peripheral p lasma corticosteroid 
concentrations in all months. 
4. Corticosteroid levels tended to be slightly 
higher in adult females and juveniles than in adult males 
during the summer of 1981. 
5. Pe riphe ral plasma androgen concentrations 
increased dur ing the breeding seasons of 1980 and 1981 in 
adult males . There was a peak in androgen l eve l s in adult 
females in June 1980 and a slight increase in May-June 
1981. 
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6. During the summer of 1980-1981, androgen levels 
increased slightly in both males and females. 
7. There was no correlation between the maximum 
corticosteroid binding capacity and total plasma androgen 
concentrations for either sex. 
6.4 Discussion 
6.4.l Corticosteroids 
I ncreases in the concentration of peripheral 
plasma corticosteroids in eastern quolls occurred dur ing 
the breeding season and during the summer when the 
population density was maxima l. As increa sed adreno-
cortical activity coincided with periods of decreased 
survivorship (F ig. 2 .29), factors intrinsic to the 
population may be responsible for its regulation . 
Christian, Lloyd and Davis (1965) proposed a behavioural -
endocrinological mechani sm for the self-regulation of 
ma~~alian populations. Behav ioural responses to increased 
density are believed to either stimulate pitui tary-
adrenocortical activity which results in an increase in 
the mortality rate or inhibit pituitary-gonadal activity 
which decreases the natality rate (Christ ian 1950, 1980; 
Christian and Davi s 1964; Christian et al . 1965). 
--
Increased adrenocortical activity in quolls did not , 
however, occur only whe n density was maximal. Increases 
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in corticosteroid concentrations during the breeding 
seasons coincided with changes in the spacing patterns of 
quolls and with i ncreases in aggression in captive quolls. 
This suggests that an increase in the number of 
interactions between individuals, whether due to increased 
density or behavioural changes associated with breeding, 
may have increased the levels of stress experienced by 
animals. The effect of this stress would appear to 
decrease the fitness of certain individuals and to 
increase the mortality r ate. There also appeared to be 
differences between the sexes and the age classes in their 
r esponse to stress at d iffe rent times of the year. 
6.4.l.l Corticosteroids and population density 
Concurrent with an increase in population 
density in November-December was an increase in 
corticosteroid concentrations in the peripheral plasma of 
adults. High levels of corticosteroids in juveniles as 
well as adults suggests that high population densities 
affected all sex and age classes equally. However, 
whereas corticosteroid levels in adult males declined 
between January and March, l evels in adult females and 
juveniles remained high. If stress was responsible for 
the higher concentrations of adrenal secretions in adult 
females than adult mal es , then either there were 
differences between the sexes in their spatial relation-
ships with juveniles or in their behaviour towards them. 
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The increase in home r ange size (Section 3.3.2) and 
activity levels (Section 5.3.4), and the decrease i n 
weight (Section 2.3.5) and survivorship (Section 2.3.3.2) 
in females after their young were weaned suggest that 
adult females were more exposed to the effects of 
population increase than were males . The increase in the 
number of non-resident females (Section 2.3.3.2) suggests 
that females in other areas were subjected to similar 
social pressures. Female home ranges were considerably 
smaller than those of males and were closely associated 
with the woods in which their dens were located. As it 
may be expected that juvenile home ranges were small 
during early summer in keeping with the small body size of 
the newly weaned young, and were situated in close 
proximity to the dens in which they were reared, then the 
greatest density of animals would have occurred in the 
woods and pastures utilized by adult females. As an 
example, at least 12 breeding females were suspected of 
denning in the Old House Woods in 1980 on the basis of 
trapping information (six radio tracked females were known 
to have denned in this region): if all their young were 
successfully reared then 63 juveniles competed with their 
mothers for food in the pastures around this wood after 
weaning in late October 1980. This high density may have 
been stressful for juveniles as well as adult females and 
may have influenced juvenile dispersal as well as 
decreased female survivorship. 
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As the home ranges of adult males were in 
general considerably larger than those of adult females, 
the rate s of interaction, and consequently the levels of 
stress, between adult males and juveniles may have been 
l ower than that between adult females and juveniles. In 
add ition, the behaviour of adult males towards juveniles 
may have reduced the rates of interaction between them and 
consequently have reduced stress-related adrenal activity 
experienced by adult males in November when juveniles 
first appeared in the population. Archer (1970) found 
that g roups of house mic e Mus musculus had higher 
adrenocortical activity than isolates due to the 
occurrence of aggressive behaviour in groups; as 
subordinates showed greater adrenal activity than 
dominants, it was proposed tha t successful aggressive 
behaviour suppressed adrenocortical activity. Ad reno-
cortical morphology and function have been found to be 
negatively related to social rank or dominance in numerous 
studies on dogs, mice and rats (Barnett 1955; Eik-Nes 
1959; Vandenbergh l960; Southwick 1964; Christ ian et al. 
1965). Successful agressive behaviour of resident males 
towards juveniles may thus have contributed toward the 
decrease in corticosteroid levels and have influenced the 
dispersal of juveniles, particu larly among males , during 
early summer. 
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6.4 . 1.2 Corticosteroids and the breeding season 
Increases in corticosteroid concentrations in 
both male and fema le quolls during the breeding season 
suggests that this was also a stressful period. Persistent 
mating behaviour of males and aggressive behaviour of 
mated females towards further mating attempts were 
observed in captivity (Section 5.3.2.1). Increased 
numbers of non-resident males in the wild population may 
also have contributed to the frequency of male- female 
inte ractions and subsequently to high adrenocortical 
activity. 
Pregnancy may also play a role in elevating 
adrenal activity. For example, pregnant cats were found 
to have twice their normal concentrations of cortico-
steroids during the last third of gestation (Lissak and 
Endroczi 1965). Chitty and Clarke (1~_63) found that the 
adrenal weight in fema le field voles Microtus agrestis 
increased with pregnancy and l ac tation. However , adrenal 
weight in female meadow voles M. ~nnsylvanicus did not 
increase with pregnancy although there were increases in 
weight until maturity; increases in adrenal weight and 
activity were, instead, positively correlated to 
population density (Christi a n and Davis 1966). Simil a rly 
the adrenal weights in female woodchucks Marmota monax 
were not increased during pregnancy (Chr istian 1962). The 
effect of pregnancy on adr enocortical activity in female 
quolls remains to be investigated . 
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Increases in peripheral plasma corticosteroid 
concentrations in ma les during the breeding season 
coincided with increases in activity levels, aggression, 
home range and inter-individual distances . There was also 
an increase in mortality . As the body weight of males 
declined at this time, it would appear that behavioural 
and e ndocrinological changes in males during the breeding 
season reduced their general ' fitness ' . Increased 
adrenocortical activity as a result of social strife has 
been found to increase mortality by decreasing host 
resistance to infectious disease and parasitism , or by 
inducing disease directly through increased adrenocortical 
activity (Christian et al. 1965; Brayton and Brain 1974; 
Christian 1980). Adrenal glucocorticoids are known to 
inhibit inflammation and antibody formation (Me lby 1977). 
Suppression of the immune system thus renders stressed 
animals vulnerable to infections (Jenssen and Rasmussen 
1963; Hara et al. 1981). 
Mortality of male brown antechinuses after the 
breeding season has been associated with latent bacterial 
infections due to a suppression of the immune system as 
well as an increas ed prevalence of gastric and duodenal 
ulcers (Cheal et al. 1976; Baker et al. 1978) and 
parasitic infection (Beveridge and Barker 1976). This 
pa t hological condition i s correlated with an increase in 
the biologically active fraction of corticosteroid due to 
a decrease in the concentration of the high affinity 
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binding globulin, transcortin (Bradley et al. 1975, 1976; 
Lee et al . 1977). Despite inc r eases in the concentrations 
of periphera l plasma corticosteroids in eastern quolls, 
the maximum corticosteroid binding capacity remained 
i n excess of the plasma corticosteroid levels in al l 
month s , indicating that there was no increase in the 
biologically active fraction of corticosteroids . There 
was , however , some evidence that the increased mortality 
of male quolls during the post-mating period was due to 
bacterial infections. Between June and August, 1978 -
1980, nine males were found dead at Cradoc ; at no other 
time of year were an ima ls found dead within the study 
area . Although most we re too badly decomposed to 
determine cause of death , one mal e, known to be one year 
old and found dead on 26 June 1980, was fr esh enough for 
an autopsy. The male was found to have ampLe body fat and 
no significant lesions; heart blood however revealed a 
pure culture of Enterobacter liquifaciens (B. Munday, 
pers . comm.). The veterinary pathologist suggested that 
this opportunitistic organism could have established as a 
result of stress. The autopsy of a three y ear old captive 
male which died on 24 June 1980 revealed a Pseudomonas sp . 
infection of heart blood , bacterial emboli in the kidneys 
and liver, and periodontitis. Again , it was suggested 
that these infections may have been precipitated b y stress 
(B . Munday, pers. comm .). Male mortality in Antechinus 
stuartii has been associated with hepatic necrosis 
attributed to Listeria monocytogenes and anaemia attributed 
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to Babesia sp . (Lee et al. 1977). Both pathogens are 
believed to have invaded the host early in life and 
survived as l a tent infections, developing in association 
with a loss of compe t ence of immune mechanisms (Lee et al . 
1977). Although these d iseases have been associated with 
hyperactivity of the adrenal corte x and a red uction in 
transcortin, it is possible that reduction in the effect-
i veness of the immune system with increased corticostero id 
l evels may be, at l east i n part, responsible for increases 
i n male mortal ity in quolls. 
Deaths r esu lting from stress ha~ been r eported 
for several other mar supia l spec i es . Adult male brush-
tail possums Trichosurus vulpecula caged together during 
the b r eeding season were found to have elevated total and 
free cor ticosteroid l evels , slightly ~epres sed leve l s of 
the maximum corticosteroid binding capacity and l atent 
coccidian infections (President¢ 1978). These males had 
gastric ulceration and haemorrhage , similar to male 
antechinuses during post-mating d i e - off . Juvenile barred 
bandicoots (P erame l es s__unni i) housed in an enclosur e with 
the ir pa rents , and unable to disperse , we re found dead due 
to an impaired ability to r esist in fect i on (President 
1978). 
Assoc i ated with increases in adrenocortical 
act ivity was a decrease in body weight in quolls , 
particularly in males during the breeding season . 
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Although shortages of a major food r esource during the 
breeding season may have contributed to weight loss, food 
deprivation has not been found to increase adrenocortical 
activity. Experiments on chronic inanition (effects of 
food deprivation) were not found to activate adrenocortical 
functions (Christian 1959). Weight loss in male 
Antechinus stuartii during the breeding season (Woolley 
1966; Wood 1970; Braithwaite 1973) was related to 
gluconeogenesis of protein in response to an increase in 
circulating adrenocortical hormone s (Barnett 1973). While 
increased corticosteroid concentrations may have 
contributed to weight loss in male quoll s , it is more 
likely that the interaction of behavioural and physio-
logical factors w~$ 
condition. 
responsible for a decline in their 
Investigations into the effect of stress-
related behaviour on adrenal activity have indicated that 
the number and type of interactions between individuals, 
rather than actual density , may have the greater effect 
(Christian and Davis 1964). In Mus musculus , a few short 
daily exposures to aggressive mice produced a greater 
increase in adrenal weight than when groups of docile mice 
were caged together for long periods (Bronson and 
Eleftheriou 1963, 1964 ). Increases in aggres siveness 
between male quolls during the breeding season may have 
had a s imilar effec t on adrenal activity. Levels of 
stress may also have been augmented by the large number of 
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non-resident mal es which appeared in the population during 
the breeding season. In a population of laboratory r ats , 
increased social strife produced by the introduction of 
aliens resulted in increased movements and mortality 
(Christian and Davis 1964). Introduction of strange 
individuals into groups of rhesus monkeys, Macaca mulatta, 
produced a greater increase in the frequency of aggressive 
behaviour than did severe crowding (Southwick 1967) . 
In general, increases in adrenocortical 
activity in quolls may have been the consequence of an 
increase in the numbers of interactions between 
individuals due to an increase in population density 
d uring summer and due to behavioural changes associated 
with the breeding season. Increased corticoste roid levels 
may , in turn, have been responsible for weight los s and 
increased vulnerability to infection which resulted in 
increased mortality. Other factors , such as heavy 
infestations of the f lea larvae ~ropsylla tasmanicus in 
quolls during the breeding season (Section 2.4 . 1) and 
shortages of a major food resource during May-June are 
likely to hav e contributed to the reduction in fitness of 
animals at t his time . 
Conclusions about the relationship between 
behavioural and endocrinolog ical changes ba sed on a one 
year fie ld study must be subjec t to criticism . Although 
animals in captivity were sampled in May and June 1980 as 
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'controls', these animals showed more stress behaviour 
while being handled than did the wild quolls . This 
appeared to be due to greater familarity with humans 
(" spoilt- child" behaviour towa rds being handled). 
Experimental manipu l ation of density either in the field 
or in an enclosure is needed to verify the relationship 
between density and adrenocortical activi ty in quol l s. 
The effect of mating behaviour on adrenocortical activity 
could be investigated by comparing hormonal changes in 
normal and castrated males . 
6.4. 2 Androgens 
Increases in plasma androgen concentrations in 
male and female quolls coincided with increases in plasma 
corticosteroid concentrations during the breeding season 
and during the period of increased population density. 
Changes in the concentration of sex steroids may reflect 
behavioural changes monitored in quells at these times . 
The effect of testosterone on levels of 
aggression in males has been well documented ( eg . Beeman 
194 7; Tollman and King 1956; Bevan et al . 1957; 
--
Michael 
1969) . Increases in testosterone leve l s have also been 
associa ted with the establishment and enlargement of 
territories (Thiessen et al . 1971; Watson and Moss 1971; 
Burger and Millar 1980). In captivity , male quolls became 
more aggressive during the breeding season, particularly 
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towards other males. In the wild, an increase in inter-
individua l distance between males and an enlargement of 
home r anges were concurre nt with increases in androgen 
concentrations. 
High concentrations of testosterone may also be 
responsible for inc reased male mortality by decreasing the 
c ompe tenc e of the immune system . In high concentrations , 
testoste rone h as bee n found to have an in vitro 
i mmunosuppressive effect (Wyle and Kent 1977) and to 
produce an increased susceptibility to intra-cellular 
infections (Rifkind et al. 1973). In Ante chinu s stuartii 
large increases in p lasma testosterone corresponded to 
considerable decreases in the maximum corticostero id 
binding capacity (Bradley et al . 1980). Barker et al. 
(1978) suggested that during the breeding s eason t he 
immune responsiveness of male antechinus was depres sed due 
t o h igh concentrations of biologically active 
corticosteroids and that high concentrations of 
tes tosterone may ac t synergistically with the 
adrenocortical hormones. As there was no correlation 
between the maximum corticosteroid binding capacity and 
testosterone concentrations in male quells, it is only 
speculative that the combi nation of high concentrations of 
corticoster oid and androgens may have contributed to 
increased male mortal ity in the post-breeding period . 
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In June 198 0 , there was an increase in plasma 
testosterone concentrations in adult females. When blood 
samples were taken from females on 22 June 1980, all 
femal es had pouch young which were approximately a week 
old. During pregnancy in human females, there is an 
increase in plasma testosterone to the level of an adult 
male; at birth, levels then decrease to normal female 
levels (Eberlein et al. 1967). In laboratory rats, 
androgens were found to increase in the second half of 
gestation and to decline around parturition (Bridges and 
Rus sel l 1981). Bridges and Russell (1981) suggested that, 
like progesterone, the decline in testosterone levels in 
females after parturition, rather than the absolute level s 
in circulation , were responsible for the expression of 
maternal behaviour. Treatment of ovariectomized, virgin 
female rats with testosterone and progesterone stimulated 
the rapid onset of maternal responsiveness (Bridges and 
Russell 1981). If the development of aggressive behaviour 
in captive female quells dur ing July and August was 
related to hormonally induced maternal responsiveness, 
then one might expect the peak in androgen levels to have 
occurred approximately one month later than was found. As 
the timing of behavioural events in captivity may not have 
been synchronized with those in the field, a relationship 
may exist between decl ining concentrations of androgens 
after parturition and increasing levels of aggression 
between females. If increased androgen concentrations in 
females are related to parturition, the delayed birth of 
- 376 -
young in 1981 may have been responsible for the absence of 
an androgen peak in June 1981. Only six of the 14 fema les, 
which were in breeding condition on 26 June 1981 , had 
given birth and the size of these young indicated that 
they were only one or two days old. It was unfortunat e 
that a sample was not taken approximately one week l ater 
to dete rmine whether increases in and rogen levels in 
females were an annual phenomenon. 
Concurrent with increases in peripheral plasma 
corticosteroids during summer were increases in plasma 
androgen levels in both sexes. As quolls are not sexually 
active at this time of year the adrenal cortex may perhaps 
be responsible for increases in androgen concentrations. 
Although t he adrenal cortex is known to produce andro-
stenedion (though not testosterone) in humans (Eberlein et 
al. 1967), both the origin of the androgen and its 
function in quolls can only be surmised. As high levels 
of aggression have been found to be correlated with high 
concentrations of testosterone (Beeman 1947), increased 
intolerance between individuals during high population 
densities over the summer may Accelerate the dispersal of 
juveniles and other 'stressed' individuals . 
Unlike male Antechinus stuartii , corticosteroid 
concentrations did not exceed the maximum corticosteroid 
binding capacity; a phenomenon held responsible for the 
die- off of all ma le antechinuses after mating. However, 
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adrenocort ical activity d id increase in male quells during 
t he breeding season, concurrent with elevated androgen 
concentrations. Increased levels of activity {Section 
5.3.4) and aggression {Section 5.3.3) i n captive males 
during the breeding season suggest that a relationship 
exists between behaviour , adrenocor tical activity and 
gonadal hormone secretion which may have been responsible 
f or reduced survivorship in resident male quells in the 
Cradoc study area at this time. 
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Chapter Seven 
SYNTHESIS AND GENERAL DISCUSSION 
Previous chapters have suggested that an intimate 
r elationship exists b etween seasonal changes in food 
resources , demographic events and behaviour . This chapter 
provides a general synthesis of the life history of the 
eastern quoll , and discusse s the evolution of the life 
history strategy a nd social system of the quoll. 
7. 1 Life history cons i derations 
The interrelationships between population 
processes, environmental changes and social behaviour are 
described in this Section for four reproductive - demographic 
stages: a) pre- breed ing (February - April) , b) mating (May-
June), c) r earing young (July-October) and d) post-weaning/ 
juvenil e dispersal (November-January) . An indication of 
changing parameters (environmental , demographic , biological 
and behav ioural) throughout the year is provided in 
Table 7 . 1. 
a ) Pre- breeding (February-April): 
Due to large insect larvae abundance , quells 
gained weight during this period; home ranges were small 
and activity l evels were low in both sexes. Although 
juveniles from the previous breeding season continued to 
disperse , there appeared to be a high degree of stability 
within the population and survival rates of residents were 
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generally high. Although there were large overlaps in 
individual home ranges , stability may have been achieved 
by the subdivision of the population into ' neighbourhoods ' 
of individuals ( Section 3.3 . 4.2), with residents avoiding 
one another , particu larly in those areas used most 
intensively by their neighbours (Section 3 . 3 . 4.1) . The 
use of many of the same dens by females within a neighbour -
hood may have contributed towards familiarity ; males , 
however, tended to occupy different dens to other males 
within their 'neighbourhood ' suggesting that aggression 
was responsible for mutual avoidance within their 
overlapping home ranges and that this behaviour was 
incompatibl e with communal den occupation . 
b) Mating (May- June): 
The mating season was a period of social 
instabi lity because of physiological, behavioural and 
environmental factors. In May, males became sexually 
active and females entered oestrus . Concurrent with 
increases in androgen levels, males became aggressive 
towards other males , and there were increases in male 
inter- individual distances , activity levels and home 
ranges. Probably due to similar behaviour in males from 
neighbouring regions , there was an increase in the numbe r 
of non-resident males in the population. Non- resident 
males were found to cause two important changes in the 
behaviour of residents : an increase in activity levels 
and an increase in aggression in resident males (at l east , 
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in captivity), which may have contributed to general 
social conflict as indicated by increased corticosteroid 
production in resident animals. During the period of 
oestru5; females exhibited low activity levels, small home 
ranges and scent-marking suggesting that they were 
sedentary at this time . This behaviour would have 
increased the probability of being located by one or 
several males during the short, synchronized breeding 
season , which in itself may have contributed toward the 
evolution of a promiscuous mating system. 
The mating season occurred during winter when 
ambi ent temperatures were lowest and when , on the basis of 
the small volume of insect l arvae in the scats , there was 
a reduction in the abundance or availability of a major 
food resource. In addition , parasitic infestations of 
larvae of the flea ~~~~~lla were greatest during the 
breeding season of the quoll . All these factors probably 
reduced the physical fitness and survival of many animals , 
particularly the older ones . Weight loss and a reduction 
in survivorship of quolls , especially in ma les, during and 
following the mating season may therefore reflect the 
combined effects of behavioural and environmental factors . 
c) Re aring of Young (July-October): 
Although females rema ined sedentary during the 
period of birth of their young , their behaviour towards 
other quolls remained unchanged until the end of July. 
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The biological significance of a peak in androgen 
concentration during the end of June is as yet unknown, 
though it is possible that it served as a stimulus for 
maternal behaviour. As young approached the size when 
they could no longer be accommodated in the pouch , females 
became incr eas ingly aggressive toward one another (in 
captivity). The importance of this behaviour is probably 
associated with solitary den occupation; the disappearance 
of four breeding females between July and August 1980 
suggests that competition fo r maternal dens may be 
responsible for decreased female survivorship during years 
of high population density or in an environment where 
suitable dens are limited . Despite aggression between 
females , their home ranges continued to overlap and there 
was no ind ication of a spacing- out mechanism between 
females in den selection. Thus, if territorial behaviour 
occurred in female quol l s , it appeared to be restricted to 
den occupation . Concurrent with decreased concentrations 
of androgen and corticosteroids , home range size , activity 
levels and aggression in males were reduced during the 
time that females were r earing the young. There was no 
indication of male parental assistance. 
Survival rates of young while in the pouch and in 
the den appeared to be high though there was some 
indication that thes e rates were depressed during years of 
high population density . By the time of late lactation 
and weaning, insect larvae were abundant ; selection for a 
single b r eeding season, with mating in winter and weaning 
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in summer, suggests that quolls evolved in seasonal 
environments where their primary food r esource (insects) 
were predictably abundant only during summer. 
d) Post-weaning period and juvenile dispersa l 
(November-January): 
Although insect larvae were abundant in summer , 
as indicated by the high frequency and large volumes of 
insect remains in quel l scats, survival rates of juveniles 
and adu lt females were low. Adult females had l owered 
body weights , high corticosteroid leve l s, high activity 
levels and enlarged home ranges. As the home ranges of 
females were closely associated with the woods i n which 
they denned , it is more likely that they were affected by 
competition with the large new juvenile cohort than were 
males. The increase i n the number of non-resident adult 
female s at this time suggests that population dens ity in 
nearby regions was also high due to large numbers of 
juveniles , and that this caused an increase in female 
mobility. As the greatest number of breeding females each 
year were those in their first breeding season , it would 
appear that there was selection towards a replacement of 
older females by juvenile females . As the breeding 
success of older females (by their third season) was found 
to decrease, recruitment of la rge numbers of young females 
would increase the probability of high reproductive output 
during the followi ng breeding season. Lower rates of 
dispersal of juvenile females compared to juvenile males 
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during early summer sugge st that they were less affected 
by high r ates of social intera ctions when population 
densities were high in early summer . This may have 
enhanced juvenile female recruitment in early summe r; 
increased rates of juvenile female d ispersal in late 
summer were concurrent with decreasing insect larvae 
availability. The larger home r anges of males , and their 
tendency to occupy dens often at great di stances from 
their geometric centers of act ivity may have r educed the 
effect of high population densi ty on adult males. In 
addition, aggressive behaviour may have played a role in 
r educing juvenile activity in those areas of the home 
range where males were most active . The factors 
i nfluencing juvenile dispersal and r ecruitment are only 
speculative and obviously r equire further investigation. 
Differences between r ates of dispersal of juve nile male s 
and females during summer, and betwe en rates of survival 
of adu lt males and females during t he period of high 
population density , suggest that behavioural factors play 
an important role in these processes . In addition , there 
appeared to be a trend towards related females inhabiting 
particular regions of the study area indi cating that kin 
selection may influenc e the c ompos ition of the population 
particularly among fe males . 
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Table 7.1 Changes in environmental, demographic , biological and 
behavioural parameters in adult eastern quolls during an annual cycle. 
Parameters/ 
Variables 
ENVIRONMENTAL 
Pre-breeding 
(Feb-April) 
Food abundance high but 
(Insect l arvae) decreasing 
Temperature decreasing 
Parasites l ow 
(Uropsylla 
larvae) 
DEMOGRAPHIC 
Density 
Survival of 
Adults 
Number of 
Non-residents 
BIOLOGICAL 
Testosterone 
levels 
Corticosteroid 
levels : male 
female 
Weight: male 
female 
BEHAVIOURAL 
Aggression : 
male 
female 
Ac ti vi ty : 
male 
female 
Home Range: 
male 
female 
high but 
decreasing 
high 
low 
low 
low 
decreasing 
high 
high 
low 
low 
low 
low 
small 
small 
Mating 
(May-June) 
low 
low 
high 
Rearing Young 
In Pouch In Den 
Post-weaning 
(Nov-Jan) 
increasing high high 
low increasing high 
decreasing low low 
decreasing l ow l ow high 
low 
males 
high 
males 
high 
low 
high low 
high decr easing 
increasing decreasing 
decreasing low 
slight high 
decrease 
high 
low 
low 
high 
high 
low 
low 
females 
high 
females 
l ow slight 
increase 
increasing high 
increa sing high 
increasing slight 
decreas e 
decreasing low 
high low low slight 
low 
large 
small 
increas e 
high high high 
small smal l slight 
increase 
increasing increasing large 
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7.2 Relationship between the diet, life history and 
social system of the eastern quoll 
The largely insectivorous and opportunistic diet 
of the eastern quoll appears to have been a major factor 
in both a) the evolution of its life history strategy 
and b) its social system. 
a) Diet and strategies of reproduction, mating and 
parental care 
The single breeding season each year and the 
timing of reproductive events so that late lactation and 
weaning coincide with peak insect abundance is indicative 
of the influence that feeding habits exert on the life 
history of the quoll. Although females have the potential 
of having several oestrous cycles between May and August, 
because the period between conception and weaning is 
approximately four months , it is possible for them to rear 
only one litter a year if young are to be weaned when 
insect abundance is greatest. These circumstances 
therefore favour the selection of a single breeding 
season, synchrony of oestrus and a short mating period . 
Dasyurids may be classified into six life history 
strategies on the basis of the frequency of oestrus in 
females, the duration and timing of male reproductive 
effort, the seasonality of breeding and the age of 
maturity (Lee et al. 1982). In this classification, 
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Strategies I and II include monoestrous species which have 
r estricted , seasonal breeding seasons with sexual maturity 
occurring by 11 months of age; evolution of this pattern 
of reproduction occurred where food resources were 
seasonally restricted but reliably timed (Braithwaite and 
Lee 1979; Lee et al. 1982) . Monoestrous species can then 
be classified into one of two strategies on the basis of 
adult survivorship: Strategy I includes semelparous 
species of Antechinus in which all males die after their 
first breeding season in association with intense 
reproductive effort and elevated cort i costeroid levels 
(Braithwaite and Lee 1979; Lee et al. 1982); Strategy II 
includes monoestrous species in which males and females 
may breed in at least a second year. Eastern quo lls are 
classified in Strategy III , along with mulgaras Dasycercus 
cristicauda , tiger quolls Dasyurus maculatus and possibly 
Tasmanian devi ls S~~~2hilus ~arrisii , on the basis of 
thei r option to undergo a second oestrus if they fail to 
conceive young on their first oestrus or prematurely lose 
their po uch young (Guiler 1970; Woolley 1971; Fletcher 
1977; Settle 1978; Lee et al. 1982). Similar to monoestrous 
species , it is thought this pattern of reproduction evo lved 
in environments which are predictable but highly seasonal. 
In comparison , polyoest rous species (S trategies IV-VI) 
occur either where resources are abundant al l year as in 
tropical rainforests and grasslands of New Guinea or where 
resources are seasona l but may temporarily be in short 
supply such as in the arid regions of Australia (Morton 
1978b ; Braithwaite and Lee 1979; Lee et al . 1982). The 
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dependence of the majority of dasyurids on insect 
avai lability appears to have been a major influence on the 
evolution of their reproductive strategies; eastern quolls 
in southern Tasmania appear to conform to this general 
pattern . 
The short , synchronized breeding season may have 
influenced the selection for a promiscuous mating system 
and different reproductive strategies in each sex. The 
larger body size of males may have been enhanced by sexual 
selection; greater mobility probably increases the 
opportunity of finding oestrous females and increased 
aggression may promote dominance in the access of 
females . Se lection for sedentary behaviour in oestrous 
r 
females may have f avoured scent- ma[-ing, small home ranges 
and reduced activity levels. Although environmental 
e 
heterogenjty at Cradoc resulted in the formation of 
" neighbourhoods", females were not clumped within these 
regions and therefore could not have been monopolized by 
individual males; selection may thus have favoured 
promiscuity rather than polygyny (cf. Emlen and Oring 
197 7) • 
The increased mortali ty rate of male quolls 
during and following the mating season may have been the 
consequence of behavioural and physiological changes; 
increased aggression and activity in males coincided with 
increased androgen and corticosteroid concentrations . Low 
male survival would have contributed toward a strategy of 
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early r eproduct i on e ffort (Murphy 1968; Schaffe r 1974). 
Because quolls have only one annual breeding season , 
oestrus in f emales is short a nd there i s a l ow chance of 
surviving to reproduce during a second breeding season , 
s elect ion may favour males which maximize reproductive 
effort, even at the expens e of a long life (Wilbur et al . 
1974) . In many species of Antechinus (Strategy I, Lee et 
al. 1982), intense reproductive activity resu lted in 
mortality of a ll males after t he breeding season , and was 
associ ated with increased free corticosteroid concentrat -
ions and immun e suppression (Lee et a l. 1977). Perhaps 
due to the large r body size and higher survival r ates of 
adult ma le quolls compared to male a ntech inu ses , mating 
intens ity in ma l e quol l s may not have been as great and 
fr ee corticosteroid l evels did not increase . 
The amount of parental care r equ i red for reari ng 
young wil l a l so influence the evolution of mating systems . 
Polygynous or promi scuous mating systems occur on l y when 
parenta l c are needs a r e minimal , one sex as sume s most of 
the parental c are and food is superabundant thereby 
allowing one parent to care fo r the young (Bradbury and 
Vehrencamp 1977a , b ; Eml en and Oring 1977) . As 
appro ximate ly half of the period of growth of young quolls 
(from birth to weaning) occurs in the pouch , adult males 
can provide little parental assistance. Russel l (19 82) 
suggested that ma l e marsupials in general can make little 
contribution toward parental care due to the long period 
of pouch life and there fo re a male would have a greater 
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opportunity of increasing his biological fitness by mating 
many times and leaving the female to raise his offspring. 
As female quolls rear their young without assistance, 
their smaller body size compared to males may be favoured 
by the lower energy expenditure required for daily 
maintenance (in comparison to male-sized females); more 
energy could be channelled into reproduction if, in fact , 
the efficiency with which the female hunts permi ts an 
overall energetic advantage from being smaller (cf. 
Erlinge 1979 ; S i mms 1979; Moors 1980) . Although this has 
been shown to occur in captive stoats Mustela ~rminea 
(Erlinge 1979) there is no information at present on the 
hunting efficiency of quolls . The small home range of 
female quolls would probably permit greater knowledge of 
the distr ibution of larvae than a large home range, and 
would minimize travelling distances between the maternal 
home range and foraging areas. As the later stages of 
lactation (October) impose l arge metabolic demands on 
females (Green and Eberhard, in press) energy conserving 
behaviou r would be particularly important at this time. 
In general, parental care needs of quolls appear 
to be small compared , for example, with small diurnal 
species of carnivo r es , such as the banded mongoose Mungo s 
mungo , in which antipredator mechanisms may have 
contributed toward the se lection for co- operative 
protection and caring of young (Rood 1975). Increased 
levels of aggression between adult fema le quolls and 
exclusive den occupation at the time when young can no 
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longer be carried in the pouch suggest that behavioural 
changes in females serve the function of adequately 
protecting her young. Similar behaviour has been 
described in other dasyurids, as for example, the fat-
tailed dunnart Sminthopsis crassicaudata (Morton 1978a). 
As innate hunting skills reduce or eliminate the need for 
a learning period, young are independent of the mother 
after weaningJat a time when insects are abundant. 
b) Diet and social organization 
Diet also appears to be a major determinant of the 
social organization of the quoll. Patterns of space use 
such as large overlaps in home ranges at all times of year 
both within and between the sexes, the absence of 
patrolling behaviour which is usually indicative of 
territorial defence and the absence of obvious scent-
marking behaviour (other than by oestrous females) suggest 
that quolls are not territorial. Similarly, the use of 
dens occupied either sequentially by, or simultaneously 
with other quolls and the random distribution of dens 
within woodland gullies where they occurred in the 
greatest density, all indicate that quolls have a more 
flexible system of space use than that of exclusive 
territories. Seasonal fluctations in prey abundance , 
availability and distribution may have selected against a 
strategy of defending specific areas of habitat. The 
flexible use of space may have evolved in relation to 
seasonal fluctuations in prey abundance and availability. 
- 391 -
Insect larvae were important in the diet of the quoll only 
during summer and differences in the percentage volume of 
prey types in the scats of quolls from different regions 
in southern Tasmania indicated that quolls were primarily 
opportunistic. It may be expected therefore that 
competition between quolls would have selected against 
communal defence of an area. Although aggression is a 
likely method by which quolls gain priority of access to 
resources, it is probable that familiarity among residents 
reduces interference competition by site-specific 
avoidance behaviour of the established resident. In 
comparison, a close relationship between home range size 
and the predictability of food distribution was proposed 
to have selected for large group size and territorial 
defence in the European badger Meles meles as a 
consequence of its specialized predation of earthworms 
Lumbricus terrestris (Kruuk 1978b). The importance of 
earthworms in the diet of badgers was found to vary little 
in time or between areas and was not correlated with 
availability; this indicated that badgers changed their 
foraging effort to compensate for fluctuations in 
earthworm availability (Kruuk and Parish 1981). 
Leyhaµsen (1965) proposed that familiarization 
was an important behaviour in solitary carnivores as it 
permitted the establishment of stable social relationships . 
At Cradoc, the subdivision of the population into 
'neighbourhoods' may have facilitated t he process of 
familiarization by reducing the total number of quolls 
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which each resident need recognize and establish 
~·M 
relative dominance~ particularly among males. Thus, 
/\ 
without establishing a territory, either some form of 
dominance hierarchy or site-specific dominance may have 
sufficed to protect the interests of a resident within its 
home range. The importance of site-specific dominance in 
providing priority of access to resources has been 
described for a variety of animals {Brown 1963; Marler and 
Hamilton 1966; Willis 1967; Wiley and Wiley 1980). This 
behaviour can obviously not be observed in captive animals 
(as it would be observed as a single hierarchy), and can 
only be verified by direct observation of the behaviour of 
animals in the wild. 
Among the dasyurids, a large number of species 
are known to have overlapping home ranges and to exhibit 
dominance hierarchies in captivity; examples include 
Tasmanian devils Sarcophilus harrisii (Buchmann and Guiler 
1977), fat-tailed dunnarts Sminthopsis crassicaudata {Ewer 
1968; Morton 1978a), and possibly kowaris Dasyuroides 
byrnei (Aslin 1974) and narrow-nosed planigales Planigale 
tenuirostris (Andrew and Settle 1982) . Similarly 
nocturnal eutherian carnivores which have generalized 
diets and rely on seasonally fluctuating food resources 
also tend to have large overlaps in home range but exhibit 
avoidance behaviour between residents (Section 3.4.2). 
The tendency of female quolls within 'neighbour-
hoods' to be related suggests that kin selection 
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influences the composition of the population. Although 
there was evidence of home range overlap and similar 
patterns of den use between related females, there was no 
indication that they formed social groups. The absence of 
social cohesion in the quoll may be explained by its 
opportunistic diet, small size and nocturnal activity 
patterns. Sociality in carnivores may be expected to 
develop: a) where there is selection for co-operative 
hunting (Kleiman and Eisenberg 1973; Kruuk 1975) as in 
large predators hunting large prey, b) as an antipredator 
mechanism as in some small diurnal species in open 
habi tats (Ewer 1973; Kruuk 1975; Rood 1975), and c) when 
feeding efficiency is increased by communal feeding on 
isolated food sources in which case, social behaviour 
would probably be concerned with the clarification of 
dominance - subordinance relationships (Kleiman and 
Eisenberg 1973). 
As quells have a relatively small body size and 
are opportunistic feeders primarily of insects and small 
vertebrates, it is unlikely that selection would favour 
co-operative hunting and, in fact, any kind of group 
feeding would probably result in interference competition. 
As group formation would require a large home range and 
therefore greater foraging movements to obtain adequate 
resources (Eis enberg 1966; Crook et al. 1976), there would 
have to be some selective advantage in group cohesion. As 
quells are nocturnally active and forage either wi thin or 
relatively close to woodland, socially-promoted anti-
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predator behaviour is unlikely t o have been advantageous, 
and, indeed, there was no direct evidence that predation 
played a role in quoll mortality. Because resources were 
seasonally abundant and, at times, clumped (for example 
blackberry fruit and carrion) tolerance between familiar 
quolls may have enhanced feeding efficiency without the 
selection for social behaviour beyond perhaps that of 
dominance-subordinance behaviour, as occurs in nomadic 
canid species (Kleiman and Eisenberg 1973). 
In general, therefore, diet appears to have had a 
major effect on components of the life history of the 
quoll, such as reproductive events, which in turn have had 
an important effect on the evolution of the mating system 
and pattern of parental case in the species. Generalized 
and opportunistic feeding habits also appear to have 
selected for a social system of tolerance and avoidance 
between established residents. 
7.3 General conclusions 
Several conclusions may be drawn about the inter-
relationship between the life hstory strategy and the 
social system of the quell. 
a) Although quolls are iteroparous, there is a 
trend toward early reproductive effort in the species with 
most breeding adults each year being one year old. 
Reduced survival rates in adult males after mating, and in 
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adult females after weaning contributed towards this 
demographic tactic. 
b) The opportunistic and largely insectivorous 
diet of quolls appears to have been a major factor in the 
evolution of its pattern of reproduction; the timing of 
reproductive events results in late lactation and weaning 
occurring when insects are most abundant. 
c) The diet also appears to have influenced the 
development of its social system. Overlapping home ranges 
and flexible den use would be advantageous in a species 
which exploits seasonally abundant but unreliably 
distributed food resources. 
d) The short synchronized mating season, the 
long period of growth of young within the pouch, and 
seasonal fluctuations in insect abundance and dispersion 
may have jointly contributed toward the selection of a 
promiscuous mating system and absence of male a ssistance 
in the rearing of young. 
e) Increases in the concentrations of 
corticosteroids in quolls during the mating season and 
during summer, when population density is high , coincide 
with behavioural changes in quolls and a reduction in 
survivorship. This suggests that changi~g hormone levels 
play a role in population regulation . 
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Appendix 1 Distribution records of eastern quolls: 
sources of information, and locations and dates of animal 
records. 
New South Wales: 
Vi ctoria: 
Australian Museum: 
Mayton (1902); Bundanoon (1924); Colo Vale 
(1895); Goulburn (1895); Lawson (1898); 
Concord (1899); Mosman Bay, Sydney (1899); 
Kempsey (?); Mosman (1900); Waverley, Sydney 
(1905); Smithfield, Sydney (1902); Cremorne 
Pt., Sydney (1915); Vauclause, Sydney (1927, 
1929, 1932, 1939, 1948, 1963); Rose Bay, 
Sydney (1948); Cambelltown (1896); Cooks 
River, near Sydney (1902); Woodford, Blue 
Mtns (1903); Naremburn, Nth . Sydney (1906). 
British Museum of Natural His to ry: 
Maitland (?); Tumu- t {1924); Liverpool 
Plains ( ?) • 
Publications: 
Marlow, B.J. 1958. A survey of the 
mars upials of New South Wales. CSIRO 
Wildl. Res . 3 : 71 - 114 . 
National Mu seum of Victoria: 
Upper Yarra (1867); Stud l ey Pa rk, Kew (1935 , 
1937, 1946, 1949, 1911, 1914); Port 
Melbourne (1948); St. Ki lda Road, Melbourne 
(1901, 1902); Coburg (1902); Caulfield 
(1905); Yarra Bend, Kew (1917); Bacchus 
Marsh (1921); Auburn (1907); Fairfield 
( 1944) . 
Publications: Victorian Naturalist: 
Yar r a Falls (1891); 7:17; Auburn (1907), 
24:68; Dargo (1916),-33:104 ; Studley Park 
and Ivanhoe (1925), 4~180; Between Melbourne 
and Arthur's Seat (1839 ), ~7:96, 48:215 ; 
Stoney Rises (near Lake Corangarnite), 
49:63-68; Yarra Bend (1943), 60:15; Lindenow 
area (1900-1902) , 70: 200; Mal""lacoota (1910, 
- 416 -
1940), 70:210: Ferntree Gully National Park 
(1960),~6:264: Wilsons Promontory, 77: 
206,207;--Sunbury District (1907), 24:70-71. 
Fleay, D. 1935. Breeding of Dasyurus viverrinus 
and general observations on the species. J. 
Mammal. 16:10-16. 
Arthur Rylah Institute: Fisheries and Wildlife 
Division (old records): Studley Park (1934); 
Cape Shank (1889); South Dreeite (1934); 
Golantipy (1934): Darebin Creek, Ivanhoe 
(1934): Warrnambool District (1889): 
Lilydale District (1879): near Lake 
Corangamite (1958) . 
South Australia: 
Tasmania: 
South Australian Museum: 
Mt Lofty (1890}; Middleton (1890): River 
Light (1880); Mt Gambier (circa 1900) . 
British Museum of Natural History: 
Mt Lofty; Adelaide. 
Publications: 
Jones, F., Wood . 1923 . The mammals of 
South Australia. Part 1 . Govt . Printer : 
Adelaide. 
National Parks and Wildlife Service of Tasmania: 
TASPAWS records 
National Museum of Victoria: 
Near Wynyard (1912) : Westbury (1962) ; 
Huonville (1960). 
Queensland Museum: 
Legerwood (1951) 
Au s t ralian Museum : 
Ouse River (1866) . 
Brit ish Mus e um o f Natural His t ory: 
Richmond (?) 
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Trapping information by J. Godsell: 
See Table 2.2. 
Publications: 
Andrews, A. P. 1968. Some recent mammal 
records from the Lake Pedder area, 
south-west Tasmania. Pap. Proc. R. Soc. 
Tasmania 102:17-21. 
Green, R. H. 1967. The murids and small 
dasyurids in Tasmania. Parts 1 and 2. 
Rec. Queen Viet. Mus . 28:1-19. 
Green, R. H. 1967. Notes on the Devil 
(Sarcophilus harrisii) and the Quoll 
(Dasyurus viverrinus) in north-eastern 
Tasmania. Rec. Queen Vic. Mus. 27:1-13 . 
Guiler, E. R. 1970 . Observations on the 
Tasmanian devil, Sa rcophilus harrisi 
(Marsupialia: Dasyuridae). 1 . Number, 
home range, movements and food in two 
populations . Aust . J. Zool. 18:49-62. 
Hocking, G. J . and E. R. Guiler. 1983. The 
mammals of the Lower Gordon River region, 
·south-west Tasmania . Aust . Wildl . Res. 
10:1-23 . 
Weindorfer, G. and G. Francis . 1920. 
Wildlife in Tasmania . Viet. Nat. Hist . 
37:12-22. 
Distribution records of the tiger quoll were 
based on TASPAWS records and trapping data {Table 
2. 2) • 
Queensland Museum: 
Port Davey (1950); King Island (c.1910). 
National Museum of Victoria: 
Wynyard (1911-1922), King Island (1922). 
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Appendix 2 Estimated births of yo ung based on the crown-
rump or head lengths of pouch young. The regression for 
calculating age from crown-rump length (mm) is Y=0.45X + 6.19 
(Fig. 2.9a) and for head length is Y=0.85X - 23.5 {Fig. 2.9b) 
Site Date of 
Measurement 
Cradoc 25.7.78 
1978 25.7.78 
25.7.78 
28.7.78 
28.7.78 
28.7.78 
28.7.78 
8.8.78 
9.8.78 
Cradoc 14.6.79 
1979 25.6.79 
26.6.79 
18.7.79 
25.6.79 
25.6.79 
25.6.79 
Cradoc 23.6.80 
1980 17.7.80 
22.6.80 
22.6.80 
22.6.80 
23.6 . 80 
23.6.80 
22.6.80 
22.6.80 
24.6.80 
26.6.80 
24.6.80 
22.6.80 
23.6.80 
23 . 6.80 
22.6.80 
22.6.80 
16.7.80 
17 . 7.80 
16.7.80 
17 . 7.80 
Crado c 25 . 6.81 
1981 25 . 6 . 81 
26 . 6 . 81 
26 . 6.81 
26 . 6.81 
25 . 6 . 81 
Head 
Length 
{mm) 
19 
19 
17 
20 
16 
17 
16 
23 
Crown-
rump 
Length 
{mm) 
13 
8 
9 
7 
17 
9 
7 
10 
11 
19 
11 
10 
13 
11 
12 
8 
10 
10 
9 
10 
11 
13 
12 
11 
13 
20 
21 
19 
17 
5 
7 
5 
11 
8 
7 
Estimated 
Age (Days) 
51 
51 
48 
52 
47 
48 
47 
15 
55 
4 
6 
2 
24 
6 
2 
8 
10 
28 
10 
8 
15 
10 
13 
4 
8 
8 
6 
8 
10 
15 
13 
10 
15 
30 
33 
28 
24 
1 
2 
1 
1 0 
4 
2 
( cont inued ne x t page) 
Estimated 
Date of 
Birth 
4.6 . 78 
4.6.78 
7.6.78 
6.6.78 
11.6.78 
10.6.78 
11.6.78 
24.7.78 
15.6 . 78 
10.6 . 79 
19.6.79 
24.6 . 79 
23.6.79 
19.6.79 
23.6 . 79 
17.6 . 79 
13 . 6 . 80 
19 . 6.80 
12.6.80 
14.6.80 
7.6.80 
13.6.80 
10 . 6.80 
18 . 6.80 
14 . 6.80 
16 . 6.80 
20 . 6 . 80 
16.6.80 
12 . 6.80 
8.6.80 
10.6.80 
12.6.80 
7.6.80 
16.6 . 8 0 
14.6.80 
18.6 . 80 
23 . 6 . 8 0 
24 . 6.81 
23 . 6 . 81 
25.6 . 81 
16.6.81 
22 . 6.81 
23 . 6.81 
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Appendix 2 (continued) 
Site Date of Head Crown- Estimated Estimated 
Measurement Length rump Age (Days) Date of 
(mm) Length Birth 
(mm) 
Cygnet 15.6.79 8 4 11.6.79 
15.6.79 10 8 7.6.79 
Bushy 7.8.79 17 49 19.6.79 
Park 
Jud bury 10.7.79 17 24 16.6.79 
Buckland 24.7.79 18 26 28.6.79 
24.7.79 19 28 26 . 6 . 79 
25.7.79 19 28 26.6.79 
25.7.79 21 34 21.6.79 
Presser's 27.7.80 14 45 12 . 6.80 
Forest 27.7.80 15 46 11.6.80 
27.7.80 18 50 7.6.80 
Gladstone 5.7.64 15 19 16.6.64 
(Green 5.7.64 17 24 11.6.64 
1967) 26.6.64 11 10 16.6 . 64 
26.6.64 15 19 7.6.64 
21.7.64' 22 35 16.6.64 
23.7.64 23 37 16.6.64 
27.7.64 6 l 26.7.64 
25.7.64 22 35 20.6.64 
25.7.64 18 26 29.6.64 
25.7.64 17 24 1. 7. 64 
26.7.64 15 19 7.7.64 
28.7.64 23 37 21.6.64 
29.7.64 22 35 24.6.64 
25.7.64 30 52 3 . 6 . 64 
27.7.64 25 41 16.6.64 
28.7.64 26 44 14.6.64 
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Appendix 3 Method of calculating intensity of space use by 
resident quolls and their neighbours. 
a) Intensity of space use by a resident: 
The dispersion patterns of four animals are 
illustrated in Figure Al. To calculate the intensity of space 
use, each animal is considered in turn as a 'focal animal 8 
(Altmann 1974). In this example, the geometric center of 
activity is calculated from the 40 locations collected for 
Animal A. Grid cells are arranged in concentric "rings" 
around the geometric center. Within any ring, only the grid 
cells containing animal locations are considered (shaded cells 
in Fig. Al). The intensity of space use within each ring 
(IR) is calculated as the frequency of all locations of the 
focal animal within the ring FR, where FR=NR/NT; NR 
= number of locations within the ring and NT = total number 
of animal locations, divided by the number of grid cells in 
the ring containing locations of the animal (GR) . 
i.e. IR=F R/ GR. 
In the example in Figure Al, the intensity of space 
use for the four rings in which the focal animal (A) occurs, 
where NT=40, N1=16, N2=17, N3 =S, N4=5, and G1=4, 
G2=6, G3=3 , and G4 =1 , is 
r 1 = (16/40)/4 = 0.100 
I2 = (17/40)/6 = 0 . 070 
I 3 = (5/40)/3 = 0 . 041 
I 4 = {2/40)/l = 0.050 
0 
• 
• 
~ 
• 
• • 
• 
• 
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RING 4 
RING J 
.. 
.. 
.. 
.. 
.. 
.. 
.... 
ANIMAL 
~· H•40 <FOCAL ANIMAU B N•20 c N•I S 
0 N• l5 
.If. GEOMETRIC CENTER Of ACTIVITY 
Of FOCAL ANIMAL 
~A GRID CELL CONTAIN ING 
A LOCATION Of FOCAL ANIMAL 
Fig. Al Distribution of locations of four animals within grid cells. 
An example for calculating the intensity of space use by a resident 
animal and its neighbours; refer to Appendix 3. 
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The mean distance of each ring from the geometric 
center of activity (DR) is calculated as the mean distance 
from the center point of each grid cell in which animal 
locations are recorded in each ring, to the geometric center 
of activity. IR is then plotted against DR to examine the 
relationship between intensity of activity and the distance on 
animal moves f r om the geometric center of its home range. 
b) Intensity of space use by the resident's neighbours in 
the area occupied by the resident: 
Intensity of space use by neighbours is calculated as 
the sum of the intensity of space use for all neighbours 
occurring in the ring but only for those grid cells in which 
the focal animal is recorded. In the example of Fig . Al: 
NT(B)=20, NT(C)=l5, NT(D)=l5 which B, C and D are three 
neighbours of the focal animal A. In Ring 1 of the focal 
animal, neighbours occur in three grid cells: B in two grid 
cells, C in one and D in one . The intensity of space use by 
neighbours (INR) is thus: 
IN1=I81+Ic1+I01=[(2/20)/2]+[(1/15)/l]+[(l/15)/l]=0.183 
IN2=IB2+Ic2+Io2=[(5/20)/2]+[(1/15)/l]+[(l/15)/l]=0.258 
IN3=IB3+Ic3+Io3= 0 + [(l/15)/1]+[(4/15)/2]=0.199 
IN4 =I84+IC4+r04= 0 + 0 [(2/15)/1] = 0.133 
The intensity of space use by neighbours in the area utilized 
by the focal animal can be plotted as a function of distance 
from its geometric center of activity using the measure of 
distance DR described in the previous section. 
